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(54) FUSED HETEROCYCLIC COMPOUNDS AND PHARMACEUTICAL APPLICATIONS THEREOF 

(57) The present invention relates to a fused heterocyclic compound of the formula (I) 



CO 
00 
00 

in 

00 
00 

o 

Q. 
LU 



R — D— NT. 



(I) 



wherein each symbol is as defined in the specification, an optical isomer thereof, a pharmaceutically acceptable salt 
thereof, a pharmaceutical composition containing a compound of the formula (I), an optical isomer thereof or a pharma- 
ceutically acceptable salt thereof, and a pharmaceutically acceptable additive, and a medicament containing a com- 
pound of the formula (I), an optical isomer thereof or a pharmaceutically acceptable salt thereof. The compound of the 
present invention is a useful antipsychotic agent effective not only for positive symptoms centering on hallucination and 
delusion characteristic of the acute stage of schizophrenia, but also negative symptoms of apathy, abulia and autism. 
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The inventive compound is expected to make a highly safe antipsychotic agent associated with less side effects, such 
as extrapyramidal symptoms and endocrine disturbance, which are observed when a conventional antipsychotic agent 
having a D 2 receptor blocking action is administered. Therefore, the inventive compound can be used as a therapeutic 
agent for the diseases such as schizophrenia. 
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Description 
Technical Reld 

5 The present invention relates to a novel fused heterocyclic compound having affinity for dopamine D 4 (hereinafter 

to be referred to as D 4 , the same abbreviation to be employed with regard to the following dopamine receptor subtypes) 
receptor and serotonin 2 (hereinafter to be referred to as 5-HT2) receptor, which blocks NMDA receptor hypofunction, 
and which is used in the medical field as a central nervous agent, particularly as an antipsychotic agent. 

10 Background Art 

The following patent applications have been published with regard to central nervous agents having affinity for D 4 
receptor. WO94/10162, WO94/21630 and W094/21626 disclose heterotricyclic aromatic compounds having affinity for 
D 4 receptor, W094/21627, W094/21628 and WO94/24105 disclose indole derivatives having affinity for D 4 receptor; 

15 WO94/20459 and WO94/20497 disclose pyrropyridine derivatives having affinity for D 4 receptor; and W094/21 61 5 and 
W094/22839 disclose benzimidazol derivatives having affinity for D 4 receptor. WO94/10145 and WO94/20471 disclose 
pyrazole derivatives and quinolone derivatives each having affinity for D 4 receptor. 

Japanese Patent Unexamined Publication No. 157576/1979 discloses that cycloalkyltriazoles represented by 
dapiprazole [3-(2-(4-(2-tolyi)OiDiperazinyl)ethyO-5,6,7 l 8-tetrahydrc-s4riazole-[4,3-a]pyridine] can be used for the ther- 

20 apy of glaucoma, psychosis and the like. 

Almost all antipsychotic agents applicable to schizophrenia show a common pharmacological action of blocking the 
receptor of dopamine which is one of the cerebral neurotransmitters, and exhibit particularly potent D 2 receptor blocking 
action. These medicaments (typical antipsychotic agents) are effective against positive symptoms centering on halluci- 
nation and delusion characteristic of the acute stage of schizophrenia, but are barely effective against negative symp- 

25 toms of apathy, abulia and autism. In addition, they are associated with serious problems of side effects such as 
extrapyramidal symptoms (e.g., delayed dyskinesia, acute dystonia, akathisia, etc.) and endocrine disturbance (e.g., 
hyperprolactinemia) observed upon acute administration and long term consecutive administration. 

Dopamine receptor has been conventionally classified into two receptor subtypes by pharmacological methods 
according to the type of ligand binding and association mode with adenylate cyclase [Nature, vol. 227, p. 93 (1979)]. 

30 That is, a receptor type that promotes adenylate cyclase via acceleratory Q protein to produce cyclic AMP, and a D 2 
receptor type that suppresses adenylate cyclase via suppressive G protein to suppress production of cyclic AMR Due 
to the revolutionary development of molecular biology in recent years, five different genes of dopamine receptors were 
cloned and the dopamine receptors are now classified into D 1 and D 5 receptors belonging to the D 1 family, and D 2 . D 3 
and D 4 receptors belonging to the D 2 family [Trends in Pharmacol. Sci., vol. 15, p. 264 (1994)]. 

35 It has been documented that haloperidol, which is a typical antipsychotic agent, has higher affinity for D 2 receptor 
than for D 4 receptor, and clozapine, which is associated with less extrapyramidal side effects and also effective against 
negative symptoms, has 10 times higher affinity for D 4 receptor than for D 2 receptor [Nature, vol. 350, p. 610 (1991)], 
[Trends in Pharmacol. Sci., vol. 15, p. 264 (1994)]. ft has been also reported that the effective therapeutic plasma con- 
centration of clozapine correlates with the affinity constant for D 4 receptor [Trends in Pharmacol. Sci., vol. 15, p. 264 

40 (1994)]. A report has been documented on a binding test using the postmortem brain of a schizophrenic patient, that 
D 4 receptor showed 6 times greater level than in a healthy subject [Nature, vol. 365, p. 441 (1993)]. Therefrom it 
appears that D 4 receptor highly likely causes schizophrenia or is present at the action site of a therapeutic agent. There 
have been found variations in the distribution of dopamine receptor in the brain due to subtypes, wherein D 2 receptor is 
most frequently found in the corpus striatum, and D 4 receptor is most often found in the frontal lobe of cerebral cortex 

45 which is responsible for the emotional functions. 

From clinical applications, it has been made clear that the concurrent use of rrtanserin (which is a 5-HT 2 receptor 
blocker) with a typical antipsychotic agent improves negative symptoms and emotional disorders such as anxiety [Cur- 
rent Therapeutics Research, vol. 10, p. 492 (1986)]. Of the side effects caused by antipsychotic agents, malignant syn- 
dromes that are most serious and deadly, though low in incidence is, according to one hypothetical view, caused by the 

so imbalance of dopamine/serotonin nervous functions in the body temperature control center [Japanese Journal of Psy- 
chopharmacology, vol. 1 1 , p. 17 (1989)], and suppression of the onset of the disease by the application of the 5-HT 2 
receptor blocking action is expected. 

There is also a hypothetical view on the cause of schizophrenia, that says that the degradation of the function of 
the NMDA (N-methyl-D-aspartic acid) nervous system that is projected from the cerebral cortex to subcortex impairs 

55 the suppressive feed-back function of the information control circuit, which in turn aggravates the schizophrenia state, 
like the excessive promotion of the activity of the subcortical dopamine nervous system, and clozapine has been 
reported to show blockage of NMDA receptor hypofunction besides the action on dopamine and serotonin nervous sys- 
tems [Trends Neurosci., vol. 13, p. 272 (1990)]. 
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From the foregoing, a compound having a D 4 receptor and 5-HT 2 receptor blocking action, and which blocks NMDA 
receptor hypof unction, is expected to make an antipsychotic agent associated with less extrapyramidal side effects and 
effective against both positive and negative symptoms. It is therefore an object of the present invention to provide a 
compound exhibiting strong blocking action on D 4 receptor and 5-HT 2 receptor, as well as blockage of NMDA receptor 
hypof unction, which is effective against both negative symptoms and positive symptoms as compared to convent! nal 
compounds and which is associated with less side effects. 

Disclosure of the Invention 

The present inventors have conducted intensive studies and found that a novel fused heterocyclic compound of the 
following formula (I), an optical isomer thereof and a pharmaceutical!/ acceptable salt thereof have stronger blocking 
action on D 4 receptor and 5-HT 2 receptor than on D 2 receptor, and that they show blockage of NMDA receptor hypo- 
function. The present inventors have further found that these compounds can make useful antipsychotic agents effec- 
tive against not only positive symptoms centering on hallucination and delusion characteristic of the acute stage of 
schizophrenia, but also negative symptoms of apathy, abulia and autism, that cause less side effects such as extrapy- 
ramidal symptoms and endocrine disturbance observed when conventional antipsychotic agents having D 2 receptor 
blocking action are administered, which resulted in the completion of the present invention. 

Accordingly, the present invention relates to a fused heterocyclic compound of the formula (I) 




R — D — 




wherein 



R is a group selected from the group consisting of the groups having the following formulas (1). (2), (3), (4), (5). 
(6), (7), (8) and (9) 
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Y is a linear or branched CyC^ alkylene optionally having a substituent R 1a at an optional position, wherein 
R 1a is hydrogen, alkyl, hydroxy, alkoxy, amino or aJkylamino, 

A is void, or an oxygen atom, a sulfur atom, SO, S0 2 or N-R 7 wherein R 7 is hydrogen, alkyl, arylalkyl or 
acyl, 

B is a linear or branched C r C 4 alkylene optionally having a substituent R 1b at an optional position, wherein 

R 1b is hydrogen, alkyl. hydroxy, alkoxy, amino or aJkylamino, 

R 2a R 2b anc j R 2c are tne sarY]e or different and each is a hydrogen or an alkyl, 

R 3 is a hydrogen, an aJkyl, an acyl or an aryi, and 

R 8 is a hydrogen, an acyl or an alkyl ; 

is void, or a linear or branched alkytene having 1 to 8 carbon atoms; 

is a bond of CH, CH 2 -N, (CH^-N, CH 2 -C(R 4 ) wherein R 4 is hydrogen, hydroxy, alkyl or alkoxy, or CH=C, 
provided that when R is a group of the formula (1) and A is void, the bond Q-T is CH, (CI-y^N, CH 2 -C(R 4 ) 
wherein R 4 is as defined above, or CH^C; 

is void, or a linear or branched alkylene having 1 to 8 carbon atoms or a carbonyl; 
is a hydrogen or an alkyl; and 

is an optionally substituted aryl, an optionally substituted heteroaryl or an optionally substituted fused heter- 
oaryl, 



an optica) isomer thereof or a pharmaceutical^ acceptable salt thereof. 
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The present invention also provides a pharmaceutical composition comprising a fused heterocyclic compound of 
the formula (I), an optical isomer thereof or a pharmaceutical ly acceptable salt thereof, and a pharmaceutical^ accept- 
able carrier, and a medicament comprising a fused heterocyclic compound of the formula (I), an optical isomer thereof 
or a pharmaceutical^ acceptable salt thereof. 

The fused heterocyclic compound of the formula (I) includes the following 9 kinds of compounds. 



N— N 




(1-5) 




v , N D — N T R 1 

(1-9) 



With regard to the above formula (I), alkyl at R 1a is, for example, methyl, ethyl, propyl, isopropyl, butyl, isobutyl. tert- 
butyi, pentyl. hexyl, heptyl, octyl, decyl, hexadecyl. octadecyl and the like, with preference given to alkyl having 1 to 4 
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carbon atoms. The alkoxy is, for example, methoxy, ethoxy, propoxy, isopropoxy, butoxy, isobutoxy, tert-butoxy, penty- 
loxy, hexyioxy, heptyloxy, octyloxy and the like, with preference given to alkoxy having 1 to 4 carbon atoms. The 
alkylamino is. for example, methylamino, dimethylamino, ethylamino. diethylamino. propylamino. dipropylamino and the 
like. 

The alkyl, alkoxy and alkylamino at R 1b are exemplified by those mentioned with respect to alkyl, alkoxy and 
alkylamino at R 1a . 

The alkyl at R 2a , R 2 * and R 2c is exemplified by those mentioned with respect to alkyl at R 1a . 

The alkyl at R 3 is exemplified by those mentioned with respect to alkyi at R 1a . The acyl is, for example, formyl, 
acetyl, propionyl, benzoyl, benzylcarbonyi and the like, with preference given to acetyl. The aryl is, for example, phenyl, 
naphthyl, 2-indanyl and the like, with preference given to phenyl having 1 or 2 substituent(s), such as halogen, methyl, 
trrfluoromethyl and methoxy. 

The alkyl and alkoxy at R 4 are exemplified by those mentioned with respect to alkyl and alkoxy at R 1a . 

The alkyl at R 5 is exemplified by those mentioned with respect to alkyl at R 1a . 

The aryl at R 6 is, for example, phenyl, naphthyl. 2-indanyl and the like. The heteroaryl is, for example, pyridyl, furyl, 
thienyl, pyrimidinyl and the like. The fused heteroaryl is. for example, 1,2-benzoisoxazol-3-yl. 1,2-benzoisothiazol-3-yl, 
indol-3-yl, benzo[b]furan-3-yl. benzo[b]thiophen-3-yl and the like. The substituent therefor may be, for example, halogen 
(e.g., fluorine, chlorine and bromine), haloalkyl (e.g., trrfluoromethyl), alkyl (e.g.. methyl, ethyl, propyl, isopropyl. butyl, 
isobutyl and tert-butyl), alkoxy (e.g., methoxy, ethoxy, propoxy, isopropoxy, butoxy, isobutoxy, tert-butoxy, perrtyloxy, hex- 
yioxy, heptyloxy and octyloxy), hydroxy, nitro, amino, methylamino, dimethylamino and the like. 

The alkyl at R 7 is exemplified by those mentioned with respect to alkyl at R 1a The arylalkyl is. for example, benzyl, 
2-phenylethyl. 3-phenylpropyl, 2-methyl-2-phenylethyl, 3-methyl-3-phenytpropy1, 4-chlorobenzyl, 2-(4-chlorophe- 
nyl)ethyl, 3-(4-chlorophenyl)propyl, 2-methyl-2-(4-chlorophenyl)ethyl, 3-methyl-3-(4-chloropheny0propyl and the like, 
with preference given to benzyl. The acyl is, for example, formyl, acetyl, propionyl, benzoyl, benzylcarbonyi and the like, 
with preference given to acetyl. 

The alkyl at R 8 is exemplified by those mentioned with respect to alkyl at R 1a . The acyl is exemplified by those men- 
tioned with respect to acyl at R 3 . 

The linear or branched alkyl ene having 1 to 4 carbon atoms at Y is exemplrf ied by methylene, ethylene, trim ethyl- 
ene, tetramethyfene, methylmethylene, dimethylmethylene, 1-methylethylene, 2-methylethytene, 1,1-dimethylethylene, 
2,2-dimethylethylene, ethylmethylene, diethylmethylene, 1 -ethylethylene, 2-ethylethylene, 1 -methyltri methylene, 1,1- 
dimethyltri methylene, 2-methyltri methylene, 2,2-dimethyltrimethylene, 3-methyltrimethylene, 3,3-dimethyltrimethylene, 
1 -ethyltrimethyiene, 2-ethyltrimethylene. 3-ethyltrimethylene and the like, with preference given to ethylene and trimeth- 
ylene. 

The linear or branched alkylene having 1 to 4 carbon atoms at B is exemplified by those mentioned with respect to 
the linear or branched alkylene having 1 to 4 carbon atoms at Y. 

The linear or branched alkylene having 1 to 8 carbon atoms at D is exemplified by methylene, ethylene, tri methyl- 
ene, tetramethylene, pentamethylene, hexamethylene, octamethylene, methylmethylene, dimethylmethylene, 1-methyl- 
ethylene, 2-methylethylene, 1,1-dimethylethylene. 2,2-dimethylethylene, ethylmethylene, diethylmethylene, 1- 
ethylethylene, 2-ethylethylene, 1-methyrtrimethylene, 1,1-dimethyltrimethylene, 2-methyltrimethylene. 2,2-dimethyttri- 
methylene, 3-methyltrimethylene, 3,3-dimethyltrimethylene, 1 -ethyltrimethyiene, 2-ethyltrimethylene, 3-ethyltrimethyl- 
ene and the like, with preference given to ethylene, trimethylene and tetramethylene. 

The linear or branched alkylene having 1 to 8 carbon atoms at G is exemplified by those mentioned with respect to 
the linear or branched alkylene having 1 to 8 carbon atoms at D. 

The group of the formula 




— N 




is specifically exemplified by the following groups. 
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With regard to the formula (I), a preferable compound is the compound wherein 

R is a group selected from the group consisting of the groups having the formulas (1), (2), (3), (4), (5). (6), (7), (8) 
and (9), 
wherein 

Y is a linear or branched C r C 4 alkylene optionally having a substituent R 1a at an optional position wherein 
R 1a is hydrogen or alkyl, 

A is void, or an oxygen atom, a sulfur atom or N-R 7 wherein R 7 is hydrogen, alkyl, arylalkyl or acyl, 

B is a linear or branched C r C 4 alkylene optionally having a substituent R 1b at an optional position, wherein 

R 1b is hydrogen or alkyl, 

R 2a , R 2 * 5 and R 2c are the same or different and each is a hydrogen or an alkyl. 
R 3 is a hydrogen, an alkyl, an acyl or an aryl, and 
R 8 is a hydrogen, an acyl or an alkyl; 

D is void, or a linear or branched alkylene having 1 to 8 carbon atoms; 

Q-T is a bond of CH, CH 2 -N, (CH^-N, CH 2 -C(R 4 ) wherein R 4 is hydrogen, hydroxy, alkyl or alkoxy, or CH=C» 

provided that when R is a group of the formula (1) and A is void, the bond Q-T is CH, (CH 2 ) 2 -N, CH 2 -C(R 4 ) 
wherein R 4 is as defined above, or CH=C; 

G is void; 

R 5 is a hydrogen or an alkyl; and 

R 6 is an optionally substituted aryl, an optionally substituted heteroaryl or an optionally substituted fused heter- 
oaryl. 

With regard to the formula (I), a more preferable compound is the compound 
wherein 

R is a group selected from the group consisting of the groups having the formulas (1), (2), (3), (4), (5), (6), (7), (8) 
and (9), 
wherein 

Y is a linear alkylene having 1 to 4 carbon atoms, 

A is void, or an oxygen atom or N-R 7 wherein R 7 is hydrogen or acyl, 
B is a linear or branched alkylene having 1 to 4 carbon atoms, 

p2a R 2b arx j R 2c are tne qq^q or different and each is a hydrogen or an alkyl having 1 to 4 carbon atoms, 
R 3 is a hydrogen, an alkyl having 1 to 4 carbon atoms or an acyl, and 
R 8 is a hydrogen or an alkyl having 1 to 4 carbon atoms; 
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D is void, or a linear or branched alkylene having 1 to 8 carbon atoms; 

Q-T is a bond of CH 2 -N, CH 2 -C(R^) wherein R 4 is hydrogen, hydroxy, alkyl or alkoxy, orCH=C. 

provided that when R is a group of the formula (1) and A is void, the bond Q-T is CH2-C(R 4 ) wherein R 4 is as 

defined above, or CH=C; 
5 G is void; 

R 5 is a hydrogen or an alkyl having 1 to 4 cartoon atoms; and 

R 6 is an optionally substituted aryi, an optionally substituted heteroaryl or an optionally substituted fused heter- 
oaryl. 

w With regard to the formula (I), a still more preferable compound is the compound 
wherein 



R is a group selected from the group consisting of the groups having the formulas (1), (2), (3), (4), (6), (7) and (8), 
wherein 

15 

Y is an ethylene, 

A is void, or an oxygen atom or N-R 7 wherein R 7 is hydrogen or acyl, 
B is a linear or branched alkylene having 1 to 3 carbon atoms, 

R 2a and R 2b are the same or different and each is a hydrogen or an alkyl having 1 to 4 carbon atoms, 
20 R 3 is a hydrogen or an alkyl having 1 to 4 carbon atoms, and 

R 8 is a hydrogen or an alkyl having 1 to 4 carbon atoms; 

D is void, or a linear or branched alkylene having 1 to 8 carbon atoms; 
Q-T is a bond of CH 2 -N, CH 2 -C(R 4 ) wherein R 4 is hydrogen, alkyl or alkoxy. or CH=C. 
25 provided that when R is a group of the formula (1) and A is void, the bond Q-T is CH 2 -C(R 4 ) wherein R 4 is as 

defined above, or CH=C; 
G is void; 

R 5 is a hydrogen or an alkyl having 1 to 4 carbon atoms; and 

R 6 is an optionally substituted aryl, an optionally substituted heteroaryl or an optionally substituted fused heter- 
30 oaryl. 

With regard to the formula (0, a particularly preferable compound is the compound 
wherein 

35 R is a group selected from the group consisting of the groups having the formulas (1), (2), (3), (4). (6), (7) and (8), 
wherein 



Y is an ethylene. 

A is void, or an oxygen atom or N-R 7 wherein R 7 is hydrogen or acyl, 
40 B is a linear alkylene having 1 to 3 carbon atoms, 

R 2a and R 2b are the same or different and each is a hydrogen or a methyl, 
R 3 is a hydrogen or a methyl, and 
R 8 is a hydrogen or a methyl; 

45 D is a trimethylene; 

Q-T is a bond of CH 2 -N, CH 2 -CH or CH=C, 

provided that when R is a group of the formula (1) and A is void, the bond Q-T is CH 2 -CH or CH=C; 

G is void; 

R 5 is a hydrogen; and 
so R 6 is an aryl optionally having halogen or alkyl having 1 to 4 carbon atoms. 

With regard to the formula (I), the most preferable compounds are those selected from the following group of com- 
pounds wherein the number in the parenthesis corresponds to example number. 

55 (2) 3-(3-(4-(4-chlorophenyl)-1 ,2,3,6-tetrahydropyridin-1 -yl)propyO-6.7.8.9-tetrahydro-5H-1 ,2,4-triazolo[4,3- 

a]azepine, 

(3) 3-(3-(4-<4<hlorophenyl)piperidin-1 -yl)propyl)-6,7,8,9-tetrahydro-5H-1 ,2,4-triazoloI4,3-a]azepine, 
(48) 3-(3-(4-(4-chlorophenyl)piperazin-1-yl)pro^ 
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(89) 3-(3^4^4^hlorophenyOpiperidtn-1-yO^ 
; (90) 3-(3-(4-(4-chlorophenyl)-1 ,2,3.6-tetrahydropyridin-1 -yl)propyl)-5,6,7.8-tetrahydro-4H-cydohepta[c]isoxa20le, 
(104) 3-(3-(4-(4-chloropheny0piperazin-1-yl)propyl)^ l 5 l 6,7-tetrahydro-2H-indazole, 
(113) 3-(3-(4-(4-fluorophenyl)piperazin-1 -yi)propyl)-5,6,7,8-tetrahydroimidazo[1 ,2-a]pyridine, 

(116) 3-(3-(4-(4-fluorophenyt)piperazin-1 -yOpropyl^.S.ej-tetrahydro^H-indazole, 

(117) 3-(3-(4-(4-methylphenyl)piperazin-1 -yl)propyl)-4,5.6,7-tetrahydro-2H-indazole. 

(118) 3-(3-(4i3henylpiperazin-1-yl)propyl)^,5,6,7-tetrahydro-2H-indazole. 
(137) 3-(3-(4-(4-fluorophenyl)piperazin-l-yl)propyl^ 

(141) 3-(3-(4-(4-fluorophenyl)piperazin-1-yi)^^ 

(142) 5-acetyl-3-(3-(4-(4-fluorophenyl)piperazin-1-y0pro^ 

(153) 3-(3-(4-(4-chloropheny0piperazin-1-yl)pr^^ 

(154) 3-(3-(4-(4-fluorophenyl)piperazin-1^ 

(155) 4,5,6, 7-tetrahydro-1 -methyi-3-(3-(4-(4-methy!phenyl)piperazin-1 -yl)propyl)-1 H-indazole, 

(156) 4,5,6, 7-tetrahydro-1 -m ethyl -3-(3-(4-phenylpiperazin-1-yl)propyl)- 1H-indazole, 
(162) 3-(3-(4-(4-fluorophenyl)piperazin-1 -yl)propyl)-4,5,6,7-tetrahydroindole and 

(173) 3-(3-(4-(4-fluoropheny1)piperazinO-yl)propyl)^ l 5,6,7-tetrahydropyra2olo-[2,3-a]pyridine. 

The pharmaceutical ly acceptable salt of the compound of the formula (I) is, for example, acid addition salt with inor- 
ganic acid (e.g., hydrochloric acid, hydrobromic acid, sulfuric acid, phosphoric acid and nitric acid) or organic acid (e.g., 
acetic acid, propionic acid, succinic acid, glycolic acid, lactic acid, malic acid, tartaric acid, citric acid, maleic acid, 
fumaric acid, methanesulfonic acid, benzenesulfonic acid, p-toluenesulfonic acid, camphorsuKonic acid and ascorbic 
acid). 

The compound of the formula (I) and pharmaceutical^ acceptable salts thereof may exist in the form of a hydrate 
or a solvate, and such hydrate and solvate are also encompassed in the present invention. Examples thereof include 
1/10 hydrate, 1/4 hydrate. 1/2 hydrate, monohydrate, dihydrochloride 1/2 hydrate, dihydrochloride dihydrate, dihydro- 
chloride 3/2 hydrate and the like. When the compound of the formula (I) has an asymmetric carbon, at least two kinds 
of optical isomers exist. These optical isomers and race mates thereof are encompassed in the present invention. 

The compound of the formula (I) and the inventive compounds included in the formula (I) can be synthesized by the 
following methods. Each symbol in the following reaction formulas is as defined above unless specifically indicated. 

1. Compound wherein R is a group of the formula (1): 



A compound of the formula (10) is reacted with chlorinating agent (e.g., phosphorus perrtachloride. phosphorus 
trichloride and phosphorus oxychloride) in a suitable solvent (e.g.. benzene, toluene, xylene and mixed solvents of 



Method (1) 





0-1) 
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optional members therefrom) at room temperature to the ref hjxing temperature of the solvent for 1 -24 hours to give the 
compound of the formula (1 1). This compound is reacted in a suitable solvent (e.g., methanol, ethanol, butanol, ethyl- 
ene glycol. N-methyl-2-pyrrolidone, 1 ,3-dimethyl-2-imidazolidinone and mixed solvents of optional members therefrom) 
in the presence of a compound of the formula (1 2) at room temperature to 200°C for 1 -24 hours to give the compound 
of the formula (1-1). 

Method (2) 




A compound of the formula (1 0) is reacted with dimethyl sulfate in a suitable solvent (e.g., benzene, toluene, xylene 
and mixed solvents of optional members therefrom) at the refluxing temperature of the solvent for 1 -24 hours to give the 
compound of the formula (13). This compound is reacted in a suitable solvent (e.g., methanol, ethanol, butanol. ethyl- 
ene glycol, N-methyl-2-pyrrolidone, 1 ,3-dimethyl-2-imidazolidinone and mixed solvents of optional members therefrom) 
in the presence of a compound of the formula (1 2) at room temperature to 200°C for 1 -24 hours to give the compound 
of the formula (1-1). 

Method (3) 




A compound of the formula (10) is reacted with thionating agent (e.g., phosphorus pentasulfate and Lawesson rea- 
gent [2.4-bis(4-methoxypheny1)-1,3-dithia-2,4-diphosphetane-2,4-disulfide]) in a suitable solvent (e.g., benzene, tolu- 
ene, xylene and mixed solvents of optional members therefrom) at room temperature to the refluxing temperature of the 
solvent for 1-24 hours to give the compound of the formula (14). This compound is reacted in a suitable solvent (e.g., 
methanol, ethanol, butanol, ethylene glycol, N-methyl-2-pyrrolidone, 1.3-dimethyl-2-imidazolidinone and mixed solvents 
of optional members therefrom) in the presence of a compound of the formula (12) at room temperature to 200°C for 1- 
24 hours to give the compound of the formula (1-1). 

Method (4) 




A compound of the formula (1 4) is reacted with benzyl chloride, p-nitrobenzyl chloride or methyl iodide in a suitable 



EP 0 885 883 A1 



solvent that does not interfere with the reaction (e.g., tetrahydrofuran, diethyl ether, dioxane, water and mixed solvents 
of optional members therefrom) in the presence of a base such as potassium hydroxide and potassium tert-butoxide, 
at room temperature to the ref luxing temperature of the solvent for 1 -24 hours to give the compound of the formula (15) 
wherein R 9 is methyl, benzyl, p-nitrobenzyl and the like and other symbols are as defined above. This compound is 
5 reacted with a compound of the formula (12) in a suitable solvent (e.g., methanol, ethanol, butanol, ethylene glycol, N- 
methyl-2-pyrrolidone, 1,3-dimethyl-2-imidazolidinone and mixed solvents of optional members therefrom) at room tem- 
perature to 200°C for 1-24 hours to give the compound of the formula (1-1). 



Method (5) 

w 




A compound of the formula (16) and a compound of the formula (17) are stirred while heating at 150°C-200°C for 
1 -24 hours to give a compound of the formula (18). This compound is subjected to catalytic hydrogenation using a plat- 
so inum, palladium or nickel catalyst in a suitable solvent that does not interfere with the reaction (e.g., methylene chloride, 
chloroform, ethyl acetate, methanol, ethanol and mixed solvents of optional members therefrom) to give the compound 
of the formula (19). 
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Method (6) 




Any one of the compounds of the formulas (1 1), (13), (14) and (15) is reacted with a compound of the formula (20) 
wherein R 10 is a protecting group inert to the reaction, such as tert-butoxycarbonyl and benzyloxycarbonyl, and Q-T is 
(CH 2 ) 2 -N, in a suitable solvent that does not interfere with the reaction (e.g., methanol, ethanol, butanol, ethylene glycol, 
N-methyl-2-pyrrolidone, 1,3-dimethyl-2-imidazolidinone and mixed solvents of optional members therefrom) at room 
temperature to 200°C for 1-24 hours to give a compound of the formula (21) wherein Q-T is (CH^-N and R 1 ° is as 
defined above. This compound is subjected to deprotection by a conventional method using a suitable acid such as 
hydrochloric acid, hydrobromic acid and trifluoroacetic acid to give a compound of the formula (22) wherein Q-T is 
(CHgfe-N and R 10 is as defined above. This compound or an acid addition salt thereof, such as hydrochloride, hydro- 
bromide, sulfate and oxalate, is reacted with a compound of the formula (23) wherein L is chlorine, bromine, iodine, 
methanesulfonyloxy, p-toluenesulfonyloxy, trifluoromethanesulfonyloxy and the like, in a suitable solvent that does not 
interfere with the reaction (e.g., tetrahydrofuran, dichloromethane, dimethylformamide and mixed solvents of optional 
members therefrom) in the presence of a base such as potassium carbonate, sodium hydroxide, triethylamine, pyridine 
and dimethylaminopyridine, from under ice-cooling to room temperature for 1-24 hours to give a compound of the for- 
mula (1-1) wherein Q-T is (CH^-N. 



13 



Method (7) 
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CI OCH ; 

o 

(11) (13) 

S S-R 9 

A — B , A B 

(14) (15) 



OH (24) 



R 5 



N N /fN 



A B (25) 

N— N R 5 

AX ^ 

i N D — N 



HN T R 6 (26) 
/ OH ^-Q 



x j u — N T .R 6 



Y 
\ 

A B (I-l) 



Any one of the compounds of the formulas (1 1), (13), (14) and (15) is reacted with a compound of the formula (24) 
in a suitable solvent that does not interfere with the reaction (e.g., methanol, ethanol, butanol, ethylene glycol, N-methyl- 
2-pyrrolidone, 1 ,3-di methyl -2-imidazolidi none and mixed solvents of optional members therefrom) at room temperature 
to 200°C for 1-24 hours to give a compound of the formula (25). This compound is reacted with p-toluenesulfonyi chlo- 
ride or methanesuifonyl chloride in a suitable solvent that does not interfere with the reaction (e.g., methylene chloride, 
chloroform and dichloroethane) in the presence of a base such as triethylamine to introduce a leaving group. The result- 
ing compound is reacted with a compound of the formula (26) or an acid addition salt thereof, such as hydrochloride, 
hydrobromide, sulfate and oxalate, in a suitable solvent that does not interfere with the reaction (e.g., methylene chlo- 
ride, chloroform, dichloroethane, tetrahydrofuran, diethyl ether and mixed solvents of optional members therefrom) in 
the presence of a suitable base such as potassium carbonate, pyridine and triethylamine, at room temperature to the 
refluxing temperature of the solvent for 1-24 hours to give a compound of the formula (1-1). 
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2. Compound wherein R is a group of the formula (2): 
Method (1) 



5 



10 



15 



20 



25 



30 




35 

Using a compound of the formula (27) obtained by the method described in Eur. J. Med. Chem., vol. 10, p. 528 
(1975) and in accordance with the method described in Japanese Patent Unexamined Publication No. 189179/1983, a 
compound of the formula (28) is obtained. This compound is reacted with a compound of the formula (26) using a fusing 

40 agent such as 1 ,3-dicyclohexylcarbodiimide, 1-ethyl-3-(3-dimethytaminopropyl)carbodiimide and cyanophosphonic 
acid diester in a suitable solvent that does not interfere with the reaction (e.g., tetrahydrofuran, dichloromethane, 
dimethylformamide and mixed solvents of optional members therefrom) in the presence of a tertiary amine such as tri- 
ethylamine from under ice-cooling to room teperature for 1-24 hours to give a compound of the formula (29). When a 
reactive derivative (acid chloride and acylimidazol) of the compound of the formula (28) is used, the reaction proceeds 

45 in a suitable solvent that does not interfere with the reaction (e.g., tetrahydrofuran, dichloromethane, chloroform, ben- 
zene and mixed solvents of optional members therefrom) in the presence of a tertiary amine such as triethylamine or 
pyridine from under ice-cooling to room teperature for 1 -24 hours. 

The compound of the formula (29) thus obtained is reduced in a suitable solvent that does not interfere with the 
reaction (e.g., tetrahydrofuran, diethyl ether, toluene and mixed solvents of optional members therefrom) using a reduc- 

50 ing agent such as lithium aluminum hydride and borane at -78°C to the refluxing temperature of the solvent for 1-24 
hours to give a compound of the formula (I-2) wherein D is trimethyiene. 
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Method (2) 



5 



10 



15 



20 



25 



30 




35 A compound of the formula (30) wherein E is a linear or branched alkylene having 1 to 7 carbon atoms, which is 
obtained by the method described in J. Med. Chem., vol. 12, p. 122 (1969) is subjected to catalytic hydrogenation using 
a platinum, palladium or nickel catalyst in a suitable solvent that does not interfere with the reaction (e.g., methylene 
chloride, chloroform, ethyl acetate, methanol, ethanol and mixed solvents of optional members therefrom) to give the 
compound of the formula (31 ). This compound is reacted with a compound of the formula (26) using a fusing agent such 

40 as 1 ,3-dicyclohexylcarbodiimide, 1-ethyI-3-(3-dimethylaminopropyl)carbodiimide and cyanophosphonic acid diester in 
a suitable solvent that does not interfere with the reaction (e.g., tetrahydrofuran, dichlorom ethane, dimethylformamide 
and mixed solvents of optional members therefrom) in the presence of a tertiary amine such as triethylamine from under 
ice-cooling to room temperature for 1 -24 hours to give a compound of the formula (32). When a reactive derivative (acid 
chloride and acylimidazol) of the compound of the formula (31) is used, the reaction proceeds in a suitable solvent that 

45 does not interfere with the reaction (e.g., tetrahydrofuran, dichloromethane, chloroform, benzene and mixed solvents of 
optional members therefrom) in the presence of a tertiary amine such as triethylamine or pyridine from under ice-cool- 
ing to room temperature for 1-24 hours. 

The compound of the formula (32) thus obtained is reduced in a suitable solvent that does not interfere with the 
reaction (e.g., tetrahydrofuran, diethyl ether, toluene and mixed solvents of optional members therefrom) using a reduc- 

so ing agent such as lithium aluminum hydride and borane at -78°C to the refluxing temperature of the solvent for 1-24 
hours to give a compound of the formula (33). 
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A compound of the formula (30) wherein E is a linear or branched alkylene having 1 to 7 carbon atoms) is reacted 
with a compound of the formula (26) using a fusing agent such as 1,3-dicyclohexylcarbodiimide, 1-ethyl-3-(3 -dimethyl - 

45 aminopropyl)carbodiimide and cyanophosphonic acid diester in a suitable solvent that does not interfere with the reac- 
tion (e.g., tetrahydrofuran, dichloromethane, dimethylfbrmamide and mixed solvents of optional members therefrom) in 
the presence of a tertiary amine such as triethylamine from under ice-cooling to room temperature for 1 -24 hours to give 
a compound of the formula (34). When a reactive derivative (acid chloride and acylimidazol) of the compound of the for- 
mula (30) is used, the reaction proceeds in a suitable solvent that does not interfere with the reaction (e.g., tetrahydro- 

50 furan, dichloromethane, chloroform, benzene and mixed solvents of optional members therefrom) in the presence of a 
tertiary amine such as triethylamine or pyridine from under ice-cooling to room temperature for 1-24 hours. 

The compound of the formula (34) thus obtained is reduced in a suitable solvent that does not interfere with the 
reaction (e.g., tetrahydrofuran, diethyl ether, toluene and mixed solvents of optional members therefrom) using a reduc- 
ing agent such as lithium aluminum hydride and borane at -78°C to the refluxing temperature of the solvent for 1-24 

55 hours to give a compound of the formula (35). This compound is subjected to catalytic hydroge nation using a platinum, 
palladium or nickel catalyst in a suitable solvent that does not interfere with the reaction (e.g., methylene chloride, chlo- 
roform, ethyl acetate, methanol, ethanol and mixed solvents of optional members therefrom) to give the compound of 
the formula (33). 
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3. Compound wherein R is a group of the formula (3) or (4): 



Method (1) 




A— B 

(38) 



25 




A compound of the formula (36) is reacted with a compound of the formula (37) wherein J is chlorine, imidazol, 
cyano and the like in a suitable solvent that does not interfere with the reaction (e.g., tetrahydrofuran, diethyl ether, 
methylene chloride, chloroform, dimethylformamide and mixed solvents of optional members therefrom) in the pres- 

40 ence of a suitable dehydrogenating agent (e.g., lithium diisopropylamide, lithium bistrimethylsilyl amide, potassium t- 
butoxide and triethylamine) from -78°C to under ice-cooling for 1-24 hours to give a compound of the formula (38). This 
compound is reacted in a suitable solvent (e.g., methanol, ethanol, butanol, ethylene glycol, methylene chloride, chlo- 
roform and mixed solvents of optional members therefrom) in the presence of a compound of the formula (39) at room 
temperature to the ref luxing temperature of the solvent for 1 -24 hours to give a compound of the formula (I-3) or the for- 

45 mula (I-4). 



so 
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Method (2) 



rS- 



A— B 

(36) 



A — B 



(37) 



(39) 



(38) 



(40) 





According to the method described in Org. Syntheses. Coll., Vol. 5, p. 808 (1973), an enamine compound of the 
formula (40) can be obtained from a compound of the formula (36) and secondary amine (e.g., morphoine, pyrrolidine 
and piperidine). According to the method described in Synthesis, p. 510 (1970), a compound of the formula (38) can be 
obtained from this compound and a compound of the formula (37). This compound is reacted in a suitable solvent (e.g., 
methanol, ethanol, butanol, ethylene glycol, methylene chloride, chloroform and mixed solvents of optional members 
therefrom) in the presence of a compound of the formula (39) at room temperature to the ref luxing temperature of the 
solvent for 1-24 hours to give a compound of the formula (I-3) or the formula (I-4). 

Method (3) 




COOH 



(26) 




' N T 



(39) 



(41) 



(42) 
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25 

A compound of the formula (41) obtained by the method described in Chemische Berichte, vol. 92, p. 652 (1959) 
is reacted with a compound of the formula (26) using a fusing agent such as 1 ,3-dicyclohexylcarbodiimide, 1 -ethy1-3-(3- 
dimethylaminopropyl)carbodiimide and cyanophosphonic acid diester in a suitable solvent that does not interfere with 
the reaction (e.g.. tetrahydrofuran, dichloromethane, dimethylformamide and mixed solvents of optional members 

30 therefrom) in the presence of a tertiary amine such as triethylamine from under ice-cooling to room temperature for 1- 
24 hours to give a compound of the formula (42). When a reactive derivative (acid chloride and acylimidazol) of the 
compound of the formula (41) is used, the reaction proceeds in a suitable solvent that does not interfere with the reac- 
tion (e.g., tetrahydrofuran, dichloromethane, chloroform, benzene and mixed solvents of optional members therefrom) 
in the presence of a tertiary amine such as triethylamine or pyridine from under ice-cooling to room temperature for 1 - 

35 24 hours. 

This compound is reacted in a suitable solvent (e.g., methanol, ethanol, butanol, ethylene glycol, methylene chlo- 
ride, chloroform and mixed solvents of optional members therefrom) in the presence of a compound of the formula (39) 
at room temperature to the refluxing temperature of the solvent for 1-24 hours to give a compound of the formula (43) 
or (44) or a mixture thereof. In the case of a mixture, it can be separated by a purification method such as silica gel col- 
40 umn chromatography and recrystaltization. The compound of the formula (43) or (44) thus obtained is reduced in a suit- 
able solvent that does not interfere with the reaction (e.g., tetrahydrofuran, diethyl ether, toluene and mixed solvents of 
optional members therefrom) using a reducing agent such as lithium aluminum hydride and borane at -78°C to the 
refluxing temperature of the solvent for 1 -24 hours to give a compound of the formula (45) or (46). 

45 



SO 



55 



20 



Method (4) 
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A compound of the formula (41) is reacted in a suitable solvent (e.g.. methanol, ethanol, butanol, ethylene glycol, 
methylene chloride, chloroform and mixed solvents of optional members therefrom) in the presence of a compound of 
the formula (39) at room temperature to the refluxing temperature of the solvent for 1-24 hours to give a compound of 
the formula (47) or (48) or a mixture thereof. This compound is reacted with a compound of the formula (26) using a 
fusing agent such as 1,3-dicyclohexylcarbodiimide, 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide and cyanophos- 
phonic acid diester in a suitable solvent that does not interfere with the reaction (e.g.. tetrahydrofuran, dichloromethane, 
dimethylformamide and mixed solvents of optional members therefrom) in the presence of a tertiary amine such as tri- 
ethylamine from under ice-cooling to room temperature for 1 -24 hours to give a compound of the formula (43) or (44) 
or a mixture thereof. In the case of a mixture, it can be separated by a purification method such as silica gel column 
chromatography and recrystailization. When a reactive derivative (acid chloride and acylimidazol) of the compound of 
the formula (47) or (48) is used, the reaction proceeds in a suitable solvent that does not interfere with the reaction (e.g., 
tetrahydrofuran, dichloromethane, chloroform, benzene and mixed solvents of optional members therefrom) in the pres- 
ence of a tertiary amine such as triethylamine or pyridine from under ice-cooling to room temperature for 1-24 hours. 

The compound of the formula (43) or (44) thus obtained is reduced in a suitable solvent that does not interfere with 
the reaction (e.g., tetrahydrofuran, diethyl ether, toluene and mixed solvents of optional members therefrom) using a 
reducing agent such as lithium aluminum hydride and borane at -78°C to the refluxing temperature of the solvent for 1 - 
24 hours to give a compound of the formula (45) or (46). 
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Method (5) 
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A compound of the formula (49) obtained by the method described in J. Heterocyclic Chem., vol. 19, p. 1355 (1982) 
is r efluxed under heating in a solvent that does not interfere with the reaction (e.g., methanol, ethanol, propanol, buta- 

45 nol, ethylene glycol and dithylene glycol) in the presence of hydrazine and a base (e.g., sodium hydroxide and potas- 
sium hydroxide) for 1-24 hours to give a compound of the formula (50). This reaction can be also carried out by 
clemmensen reaction or thioketal method to give a compound of the formula (50). This compound is treated according 
to the method described in Japanese Patent Unexamined Publication No. 1 891 79/1 983 to give a compound of the for- 
mula (51). This compound is reacted with a compound of the formula (26) using a fusing agent such as 1 ,3-dicyclohex- 

so ylcarbodiimide, 1-ethyl-3-(3<limethylamirK)propyl)carbodiimide and cyanophosphonic acid diester in a suitable solvent 
that does not interfere with the reaction (e.g., tetrahydrofuran, dichloromethane. dimethytformamide and mixed solvents 
of optional members therefrom) in the presence of a tertiary amine such as triethylamine from under ice-cooling to room 
temperature for 1-24 hours to give a compound of the formula (52). When a reactive derivative (acid chloride and 
acylimidazol) of the compound of the formula (51) is used, the reaction proceeds in a suitable solvent that does not 

55 interfere with the reaction (e.g., tetrahydrofuran, dichloromethane. chloroform, benzene and mixed solvents of optional 
members therefrom) in the presence of a tertiary amine such as triethylamine or pyridine from under ice-cooling to room 
temperature for 1-24 hours. 

The compound of the formula (52) thus obtained is reduced in a suitable solvent that does not interfere with the 
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reaction (e.g., tetrahydrofuran, diethyl ether, toluene and mixed solvents of optional members therefrom) using a reduc- 
ing agent such as lithium aluminum hydride and borane at -78°C to the refluxing temperature of the solvent for 1-24 
hours to give a compound of the formula (53). 

5 Method (6) 
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A compound of the formula (50) is reacted with a compound of the formula (54), wherein X is chlorine or bromine 
and other symbols are as defined above, in a solvent that does not interfere with the reaction (e.g., methylene chloride, 
chloroform, methylene dichloride and nitrobenzene) in the presence of a Lewis acid (e.g., aluminum chloride, iron(lll) 
chloride, tin chloride and boron trif luoride) at - 78°C to the refluxing temperature of the solvent for 1 -24 hours to give a 
55 compound of the formula (55). This compound is reacted with a compound of the formula (26) or an acid addition salt 
thereof (e.g., hydrochloride, hydrobromide, sulfate and oxalate) in a suitable solvent that does not interfere with the 
reaction (e.g., tetrahydrofuran, dichloromethane, dimethylformamide and mixed solvents of optional members there- 
from) in the presence of a suitable base (e.g.. potassium carbonate, pyridine and triethylamine) at room temperature to 
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10 



the refluxing temperature of the solvent for 1-24 hours to give a compound of the formula (56). This compound is 
reacted with a suitable reducing agent (e.g., sodium borohydride. borane and lithium aluminum hydride) in a solvent that 
does not interfere with the reaction (e.g.. methanol, ethanol, propanol, methylene chloride, chloroform, methylene 
dichloride and mixed solvents of optional members therefrom) to give a compound of the formula (57). 

This compound is treated according to the method described in Bull. Chem. Soc. Jpn., vol. 62, p. 3537 (1989) to 
give a compound of the formula (58). A compound of the formula (56) is refluxed under heating in a solvent that does 
not interfere with the reaction (e.g., methanol, ethanol. propanol, butanol, ethylene glycol and diethylene glycol) in the 
presence of hydrazine and a base (e.g., sodium hydroxide and potassium hydroxide) for 1 -24 hours to give a compound 
of the formula (58). This reaction can be also carried out by clemmensen reaction or thioketal method to give a com- 
pound of the formula (58). 



4. Compound wherein R is a group of the formula (5) or (6): 
Method (1) 
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35 A compound of the formula (38) is reacted in a suitable solvent (e.g., methanol, ethanol, butanol, ethylene glycol, 
methylene chloride, chloroform and mixed solvents of optional members therefrom) in the presence of hydroxylamine 
hydrochloride at room temperature to the refluxing temperature of the solvent for 1 -24 hours to give a compound of the 
formula (I-5) or the formula (I-6). 
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Method (2) 
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This compound of the formula (42) is reacted in a suitable solvent (e.g., methanol, ethanol, butanol, ethylene glycol, 
methylene chloride, chloroform and mixed solvents of optional members therefrom) in the presence of hydroxylamine 
hydrochloride at room temperature to the ref luxing temperature of the solvent for 1 -24 hours to give a compound of the 
formula (59) or (60) or a mixture thereof. In the case of a mixture, it can be separated by a purification method such as 
silica gel column chromatography and recrystallization. The compound of the formula (59) or (60) thus obtained is 
reduced in a suitable solvent that does not interfere with the reaction (e.g., tetrahydrofuran, diethyl ether, toluene and 
mixed solvents of optional members therefrom) using a reducing agent such as aluminum lithium hydride and borane 
at -78°C to the ref luxing temperature of the solvent for 1-24 hours to give a compound of the formula (61) or (62). 



25 



Method (3) 
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A compound of the formula (36) is reacted with hydroxylamine hydrochloride under acidic or neutral conditions in a 
suitable solvent that does not interfere with the reaction (e.g. , methanol, ethanol, butanol, ethylene glycol and mixed sol- 
25 vents of optional members therefrom) to give a compound of the formula (63). This compound is reacted with a com- 
pound of the formula (64) in a suitable solvent that does not interfere with the reaction (e.g., tetrahydrofuran, diethyl 
ether and mixed solvents of optional members therefrom) in the presence of a suitable denydrogenating agent (e.g., 
sodium hydride and n-butyl lithium) from under ice-cooling to room temperature for 1-24 hours to give a compound of 
the formula (I-6). 

30 

5. Compound wherein R is a group of the formula (7): 
Method (1) 
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A compound of the formula (65) obtained by the method described in Chemistry of heterocyclic compounds, vol. 9, 
p. 920 (1 982) is treated by the method described in Tetrahedron Lett. Vol. 1 4, p. 1 721 (1968) to give a compound of the 
formula (66). This compound is reacted with a compound of the formula (54) wherein X is chlorine or bromine and other 
symbols are as defined above in a solvent that does not interfere with the reaction (e.g., methylene chloride, chloroform, 
methylene dichioride and nitrobenzene) in the presence of a Lewis acid (e.g., chloride aluminum, iron(lll) chloride, tin 
chloride and boron trifluoride) at - 78°C to the refluxing temperature of the solvent for 1-24 hours to give a compound 
of the formula (67). This compound is reacted with a compound of the formula (26) or an acid addition salt thereof (e.g., 
hydrochloride, hydrobromide, sulfate and oxalate) in a suitable solvent that does not interfere with the reaction (e.g., tet- 
rahydrofuran, dichloromethane. dimethytformamide and mixed solvents of optional members therefrom) in the pres- 
ence of a suitable base (e.g., potassium carbonate, pyridine and triethylamine) at room temperature to the refluxing 
temperature of the solvent for 1 -24 hours to give a compound of the formula (68). This compound is reacted in a two 
phase solvent of a suitable solvent that does not interfere with the reaction (e.g., methylene chloride, chloroform, tolu- 
ene and 1 ,4-dioxane) and an aqueous solution of a suitable base (e.g., sodium hydroxide and potassium hydroxide) to 
give a compound of the formula (69). 
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This compound is reacted with a suitable reducing agent (e.g., sodium borohydride, borane and lithium aluminum 
hydride) in a solvent that does not interfere with the reaction (e.g., methanol, ethanol, propanol, methylene chloride, 
chloroform, methylene dichloride and mixed solvents of optional members therefrom) to give a compound of the formula 
(70). This compound is treated according to the method described in Bull. Chem. Soc. Jpn, vol. 62, p. 3532 (1989) to 
5 give a compound of the formula (71). A compound of the formula (69) is refluxed under heating in a solvent that does 
not interfere with the reaction (e.g., methanol, ethanol, propanol. butanol, ethylene glycol and dithylene glycol) in the 
presence of hydrazine and a base (e.g., sodium hydroxide and potassium hydroxide) for 1-24 hours to give a compound 
of the formula (71). This reaction can be also carried out by clemmensen reaction or thioketal method to give a com- 
pound of the formula (71 ). 

io The compound thus obtained is reacted with R 8 -L wherein L is as defined above in a suitable solvent that does not 
interfere with the reaction (e.g., chloroform, tetrahydrofuran, toluene, dimethylformamide and mixed solvents of optional 
members therefrom) in the presence of a suitable base such as triethylamine, potassium carbonate, sodium hydroxide 
and potassium tert-butoxide to give the compound of the formula (72). 
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6. Compound wherein R is a group of the formula (8): 

Method (1) 




Y \/ B C78) 
A 



A compound of the formula (73) obtained by the method described in Tetrahedron Lett., vol. 30, p. 4625 (1989) is 
stirred with heating in acetic anhydride in the presence of dimethylamine hydrochloride and formaldehyde for 1-24 
hours to give a compound of the formula (74). This compound is reacted with methyl iodide in a suitable solvent (e.g., 
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methanol, ethanol and acetone) to give a compound of the formula (75). This compound is reacted in a suitable solvent 
(e.g., methanol, ethanol and propanol) in the presence of a compound of the formula (26) at room temperature to the 
ref luxing temperature of the solvent for 1 -24 hours to give a compound of the formula (76). A compound of the formula 
(73) is stirred with heating in acetic anhydride in the presence of hydrochloride of a compound of the formula (26) and 

5 formaldehyde for 1-24 hours to give a compound of the formula (76). 

The compound of the formula (76) thus obtained is reacted with a suitable reducing agent such as sodium borohy- 
dride, borane and lithium aluminum hydride in a suitable solvent that does not interfere with the reaction (e.g., methanol, 
ethanol, propanol, methylene chloride, chloroform, methylene dichloride and mixed solvents of optional members there- 
from) to give a compound of the formula (77). This compound is treated by the method described in Bull. Chem. Soc. 

10 Jpn., vol. 62, p. 3537 (1989) to give a compound of the formula (78). A compound of the formula (76) is refluxed under 
heating in a solvent that does not interfere with the reaction (e.g., methanol, ethanol, propanol, butanol, ethylene glycol 
and dithylene glycol) in the presence of hydrazine and a base (e.g.. sodium hydroxide and potassium hydroxide) for 1- 
24 hours to give a compound of the formula (78). This reaction can be also carried out by clemmensen reaction or 
thioketal method to give a compound of the formula (78). 

15 

7. Compound wherein R is a group of the formula (9): 
Method (1) 

20 



25 



30 



35 



40 




45 

Using a compound of the formula (79) obtained by the method described in Heterocydes, vol. 31, p. 9 (1990) and 
in accordance with the method described in Japanese Patent Unexamined Publication No. 189179/1983, a compound 
of the formula (80) is obtained. This compound is reacted with a compound of the formula (26) using a fusing agent 
such as 1,3-dicyclohexylcarbodiimide, 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide and cyanophosphoric acid 

so diester in a suitable solvent that does not interfere with the reaction (e.g., tetrahydrofuran, dichloromethane, dimethyl- 
formamkte and mixed solvents of optional members therefrom) in the presence of a tertiary amine such as triethylamine 
from under ice-cooling to room temperature for 1-24 hours to give a compound of the formula (81). When a reactive 
derivative (acid chloride and acylimidazol) of a compound of the formula (80) is used, the reaction proceeds in a suitable 
solvent that does not interfere with the reaction (e.g., tetrahydrofuran, dichloromethane, chloroform, benzene and mixed 

55 solvents of optional members therefrom) in the presence of a tertiary amine such as triethylamine or pyridine from 
under ice-coding to room teperature for 1-24 hours. 

The compound of the formula (81) thus obtained is reduced in a suitable solvent that does not interfere with the 
reaction (e.g., tetrahydrofuran, diethyl ether, tduene and mixed solvents of optional members therefrom) using a reduc- 
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ing agent such as lithium aluminum hydride and borane at -78°C to the refluxing temperature of the solvent for 1-24 
hours to give a compound of the formula (82). 

Method (2) 




A compound of the formula (79) is reacted with a compound of the formula (54) wherein X is chlorine or bromine 
and other symbols are as defined above in a solvent that does not interfere with the reaction (e.g., methylene chloride, 
chloroform, methylene dichloride and nitrobenzene) in the presence of a Lewis acid (e.g., aluminum chloride, iron(lil) 
chloride, tin chloride and boron trrfluortde) at - 78°C to the refluxing temperature of the solvent for 1-24 hours to give a 
compound of the formula (83). This compound is reacted with a compound of the formula (26) or an acid addition salt 
thereof (e.g.. hydrochloride, hydrobromide, sulfate and oxalate) in a suitable solvent that does not interfere with the 
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reaction (e.g., tetrahydrofuran, dichloromethane, dimethylformamide and mixed solvents of optional members there- 
from) in the presence of a suitable base (e.g., potassium carbonate, pyridine and triethylamine) at room temperature to 
the refluxing temperature of the solvent for 1-24 hours to give a compound of the formula (84). This compound is 
reacted with a suitable reducing agent (e.g.. sodium borohydride, borane and lithium aluminum hydride) in a solvent that 

5 does not interfere with the reaction (e.g., methanol, ethanol. propanol, methylene chloride, chloroform, methylene 
dichloride and mixed solvents of optional members therefrom) to give a compound of the formula (85). This compound 
is treated according to the method described in Bull. Chem. Soc. Jpn., vol. 62, p. 3537 (1989) to give a compound of 
the formula (82). A compound of the formula (84) is ref luxed under heating in a solvent that does not interfere with the 
reaction (e.g., methanol, ethanol. propanol. butanol. ethylene glycol and diethylene glycol) in the presence of hydrazine 

10 and a base (e.g., sodium hydroxide and potassium hydroxide) for 1-24 hours to give a compound of the formula (82). 
This reaction can be also carried out by demmensen reaction or thioketal method to give a compound of the formula 
(82). 

The pharmaceutically acceptable salt of the compound of the formula (I) is exemplified by acid addition salt with 
inorganic acid or organic acid, which is obtained by treating the compound of the formula (I) with an inorganic acid (e.g., 

15 hydrochloric acid, hydrobromic acid, sulfuric acid, phosphoric acid and nitric acid), or organic acid (e.g., acetic acid, pro- 
pionic acid, succinic acid, glycolic acid, lactic acid, malic acid, tartaric acid, citric acid, maleic acid, fumalic acid, meth- 
anesulfonic acid, benzenesutfonic acid, p-toluenesutfonic acid, camphorsulfonic acid and ascorbic acid) by a 
conventional method. For crystallization of the compound, oxalic acid may be added to give oxalate. 

The inventive compound thus obtained can be separated and purified by a conventional method such as recrystal- 

20 lization and column chromatography. When the obtained product is a racemate. the desired optically active compounds 
can be obtained by preparative recrystal lization from a salt with an optically active acid or by passing through a column 
packed with an optically active carrier. Each diastereomer can be separated by preparative recrystallization, chroma- 
tography and the like. These can be also obtained by the use of an optically active starting material. In addition, a ster- 
eoisomer can be separated by recrystallization, column chromatography and the like. 

25 Inasmuch as the fused heterocyclic compound of the present invention, an optical isomer thereof and a pharma- 
ceutically acceptable salt thereof show a strong blocking action on D 4 receptor and 5-HT 2 receptor, as well as blockage 
of NMDA receptor hypofunction, they can be useful antipsychotic agents that are effective not only for positive symp- 
toms centering on hallucination and delusion characteristic of the acute stage of schizophrenia, but also negative symp- 
toms of apathy, abulia and autism. They are also expected to make antipsychotic agents associated with less side 

30 effects, such as extrapyramidal symptoms and endocrine disturbance, which are observed when a conventional antip- 
sychotic agent having a D 2 receptor blocking action is administered. Therefore, the inventive compound can be used as 
a therapeutic agent for the diseases such as schizophrenia. 

When the inventive compound is used as a pharmaceutical agent, the inventive compound is admixed with phar- 
maceutically acceptable carriers (e.g., excipients, binders, disintegrators, correctives, corrigents, emulsifying agents, 

35 diluents and solubilizers) to give a pharmaceutical composition which is then formulated by a conventional method to 
give tablets, pills, capsules, granules, powders, syrups, emulsions, elixirs, suspensions, solutions, injections, transfu- 
sions and suppositories which can be administered orally or parenterally. 

In the present specification, by parenteral is meant subcutaneous injection, intravenous injection, intramuscular 
injection, intraperitoneal injection, transfusion and the like. A preparation for injection such as sterile aqueous and oily 

40 suspensions for injection can be prepared by a method known in this field using a suitable dispersing agent, wetting 
agent and suspending agent. The sterile preparation for injection may be a sterile injectable solution (e.g., aqueous 
solution) or suspension in a diluent or solvent that is nontoxic and parenterally administerable. Examples of usable vehi- 
cle and solvent include water, Ringer solution, isotonic brine and the like. In addition, sterile nonvolatile oil can be gen- 
erally used as a solvent or a suspending solvent. Any nonvolatile oil or fatty acid can be used for this end, and examples 

45 thereof include natural, synthetic or semisynthetic lipid oil or fatty acid, and natural, synthetic or semisynthetic mono-, 
di- or triglycerides. A suppository for rectal administration can be prepared upon mixing a drug with a suitable nonirritant 
vehicle, such as cocoa butter and polyethylene glycols, which are solid at normal temperature and liquid at a tempera- 
ture of the intestine and which melt in rectum to release the drug. 

The solid dosage form for oral administration may be, for example, powder, granule, tablet, pill or capsule men- 

so tioned above. In these dosage forms, the active compound can be admixed with at least one additive, such as sucrose, 
lactose, cellulose sugar, mannitol, maltitol, dextran, starches, agar, arginates, chitins, chitosans, pectins, tragacanth 
gum, gum arabic, gelatins, collagens, casein, albumin, synthetic or semisynthetic polymers and glycerols. A product 
having such a dosage form may further contain different additives as usual, such as inert diluents, lubricants such as 
magnesium stearate, preservatives such as sodium p-hydroxybenzoate and sorbic acids, antioxidants such as ascorbic 

55 acid, a-tocopherol and cysteine, disintegrators, binders, thickeners, buffers, sweeteners, flavors, perfumes and the like. 
Tablets and pills may be enteric coated. The liquid preparation for oral administration is exemplified by pharmaceutically 
acceptable emulsion, syrup, elixir, suspension, solution and the like, which may contain an inert diluent normally used 
in this field, such as water. 
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The dose is determined in consideration of age, body weight, general condition of health, sex, diet, administration 
time, administration route, excretion rate, combination of drugs, disease state being treated at that time of the patient 
and other factors. The inventive compound, an optical isomer thereof and a pharmaceutical^ acceptable salt thereof 
are low toxic and can be used safely. The daily dose, which is subject to change according to the condition and body 
5 weight of patient, the kind of compound, administration route and the like, is about 0.01-50 mg/patient/day, preferably 
0.01 -20 mg/patient/day. for subcutaneous, intravenous, intramuscular or intraperitoneal administration, and about 0.01 - 
150 mg/patient/day, preferably 0.1-100 mg/|patient/day, for oral administration. 

The present invention is described in more detail by referring to the starting material synthesis examples, examples 
and formulation examples, to which the present invention is not limited. 

10 

Starting Material Synthesis Example 1 



75 



20 




COOH 



Hydrazine hydrate (1 .1 g) was added to a solution (40 ml) of 4-oxo-4-(2-oxocyclohexyl)-n-butyric acid (4.1 g) in eth- 
25 anol and the mixture was ref luxed for 1 hour. After the completion of the reaction, the reaction mixture was cooled and 
the precitated crystals were collected by filtration to give 3.9 g of 3-(4,5,6,7-tetrahydro-2H-indazol-3-yl)propionic acid, 
m.p. 135-136°C. 

Starting Material Synthesis Example 2 

30 



35 




COOH 



40 

In the same manner as in Starting Material Synthesis Example 1 except that 4-oxo-4- (2 -oxocyclohexyl) propionic 
acid was used as the starting material instead of 4-oxo-4-(2-oxocyclohexyl)-n-butyric acid, 2-(4,5,6,7-tetrahydro-2H- 
indazol-3-yl)acetic acid was obtained, m.p. 155- 156°C. 

45 

Starting Material Synthesis Example 3 



50 



55 
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In the same manner as in Starting Material Synthesis Example 1 except that 4-oxo-4-(2-oxocyclohexyl)valeric acid 
was used as a starting material instead of 4-oxo-4.-(2rOxocyclohexyl)-n-butyric acid, 4-(4 f 5,6,7-tefrahydrc-2H-indazol-3- 
yl)-n-butyric acid was obtained, m.p. 94-96°C. 

Starting Material Synthesis Example 4 




COOH 



In the same manner as in Starting Material Synthesis Example 1 except that 4-oxo-4-(2-oxocyc1opentyl)-n-butyric 
acid was used as a starting material instead of 4-oxo-4-(2-oxocyclohexyl)-n-butyric acid, 3-(2,4.5 f 6-tetrahydrocyclopen- 
tapyrazol-3-yl)propionic acid was obtained, m.p. 157-159°C. 

Starting Material Synthesis Example 5 




COOH 



In the same manner as in Starting Material Synthesis Example 1 except that 4-oxo-4-(2-oxocyclohepty1)-n-butyric 
acid was used as a starting material instead of 4-oxo-4-(2-oxocyclohexyl)-n-butyric acid, 3-(2,4,5,6,7,8-hexahydrocy- 
cloheptapyrazol-3-yl)propionic acid was obtained, m.p. 102-105°C. 

Starting Material Synthesis Example 6 




COOH 



In the same manner as in Starting Material Synthesis Example 1 except that 4-oxc-4-<4-oxo-2,3,5,6-tefrahydro-4H- 
pyran-3-yi)-n-butyric acid is used as a starting material instead of 4-oxc-4-(2-oxocyclohexyl)-n-butyric acid. 3-(2,4,6.7- 
tetrahydropyrano[4.3-c]pyrazol-3-yl)propionic acid is obtained. 
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Starting Material Synthesis Example 7 




COOH 



In the same manner as in Starting Material Synthesis Example 1 except that 4-oxo-4-(4-oxo-2,3,5,6-tetrahydro-4H- 
thiopyran-3-yl)-n-butyric acid is used as a starting material instead of 4-oxo-4-(2-oxocyclohexyl)-n-butyric acid, 3- 
(2,4,6, 7-tetrahydrothiopyrano[4,3-c]pyrazol-3-yl)propionic acid is obtained. 

Starting Material Synthesis Example 8 




In the same manner as in Starting Material Synthesis Example 1 except that 4-oxo-4-(1-benzoy1-4-oxopiperidin-3- 
yl)-n-butyric acid was used as a starting material instead of 4-oxo-4-(2-oxocyclohexyl)-n-butyric acid, 4-(5-benzoy1- 
4,5,6,7-tetrahydro-2H-pyrazolo[4,3-c]pyridin-3-yi)propionic acid was obtained, m.p. 143-145°C. 

Starting Material Synthesis Example 9 




In the same manner as in Starting Material Synthesis Example 1 except that methylhydrazine is used as a starting 
material instead of hydrazine hydrate. 3-(4,5,6,7-tetrahydro-2-methyl-2H-indazol-3-yl)propionic acid is obtained. 
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Starting Material Synthesis Example 10 




COOH 



In the same manner as in Starting Material Synthesis Example 1 except that 2-pyridylhydrazine is used as a start- 
ing material instead of hydrazine hydrate. 3^4,5.6, 7-tetrahydro-2-(2-pyridyl)-2H-indazol-3-yl)propionic acid is obtained. 

Starting Material Synthesis Example 11 



Ph 
I 




In the same manner as in Stating Material Synthesis Example 1 except that phenyl hydrazine is used as a starting 
material instead of hydrazine hydrate, a^.S.ej-tetrahydro^-phenyl^H-indazol-a-ylJpropionic acid is obtained. 

Starting Material Synthesis Example 12 



a 




In the same manner as in Starting Material Synthesis Example 1 except that 4-chlorophenylhydrazine is used as a 
starting material instead of hydrazine hydrate, 3-(2-(4-chloropheny1)-4,5,6,7-tetrahydro-2H-indazol-3*yl)propionic acid 
is obtained. 
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Starting Material Synthesis Example 13 



5 



10 




4,5,6,7-Tetrahydro-l -methyl-1 H-indazole (10 g) and 3-chloropropionyl chloride (26 g) were dissolved in dichlo- 
75 roethane (100 ml) and aluminum chloride (28 g) was gradually added under an ice bath while stirring the mixture. The 
reaction mixture was stirred for 17 hours at room temperature and poured into ice water. The reaction mixture was 
stirred for 2 hours at room temperature and extracted twice with chloroform. The chloroform layer was washed with sat- 
urated aqueous sodium hydrogencarbonate solution and saturated brine and dried over magnesium sulfate. The mag- 
nesium sulfate was filtered off and the solvent was evaporated under reduced pressure. The obtained residue was 
20 subjected to silica gel column chromatography (silica gel 1 00 g) and 3-(3-chloropropionyl)-4,5,6 J-tetrahydro- 1 -m ethyl - 
1 H-indazole (10 g) was obtained from an eluate of hexanerethyl acetate = 20:1. 

Starting Material Synthesis Example 14 

25 



30 




35 

In the same manner as in Starting Material Synthesis Example 1 3 except that 4,5,6.7-tetrahydro-l -phenyl-1 H-inda- 
zole is used as a starting material instead of 4,5,6,7-tetrahydro-l -methyl-1 H-indazole, 3-(3-chloropropionyl)-4,5,6,7-tet- 
rahydro-1 -phenyl-2H-indazole is obtained. 

40 Starting Material Synthesis Example 15 



45 




50 

In the same manner as in Starting Material Synthesis Example 13 except that 1-benzenesutfonyl-4,5,6,7-tetrahy- 
droindole is used as a starting material instead of 4,5,6,7-tetrahydro-l -methyl-1 H-indazole, 1 -benzenesulfonyl-3-(3- 
chloropropiony0-4,5,6,7-tetrahydroindole is obtained. 

55 
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10 




is Acetic anhydride (4.3 g) was dropwise added while stirring dimethylamine hydrochloride (1 .0 g) and 37% formalde- 
hyde solution (1.0 g) at 50°C. After the dropwise addition, the reaction mixture was stirred at 80°C for 1 hour, and 3- 
acetyl-4,5,6,7-tetrahydropyrazolo[2,3-a]pyridine (1.4 g) was added. The mixture was stirred for 2 hours with heating. 
The reaction mixture was poured into ice water and potassium carbonate was added, which was followed by extraction 
with chloroform. The extract was dried over magnesium sulfate and the solution was evaporated under reduced pres- 

20 sure to give 1.75 g of 3-(3-(N,N-dimethylamino)propionyl)-4,5.6,7-tetrahydropyrazolo[2,3-a]pyridine. This compound 
(1 .75 g) was dissolved in acetone (10 ml) and methyl iodide (1.1 g) was added. The precipitated crystals were collected 
by filtration to give 1 .2 g of a quaternary salt of (3-(4,5,6,7-tetrahydropyrazolo[2,3-a]pyrkiin-3-yi)-3-Qxopropyl)trimethvl- 
ammonium iodide, m.p. 210-213°C. 

25 Starting Material Synthesis Example 17 



30 




35 

/ 

In the same manner as in Starting Material Synthesis Example 13 except that 5,6,7,8-tetrahydroindolizine is used 
as a starting material instead of 4, 5,6,7-tetrahydro-1 -methyl- 1H-indazole, 3-(3-chloropropionyl)-5,6,7,8-tetrahydroin- 
dolizine is obtained. 

40 

Example 1 



45 



50 




ss To a solution (30 ml) of 1 -aza-2-methylthio-1 -cycloheptene (1 .43 g) in butanol was added 3-(4-(4-chlorophenyl)-4- 
hydroxypiperidin-1-yl)propylcarbohydraztde (3.12 g) with stirring, and the mixture was refluxed under heating for 3 
hours. After the completion of the reaction, the solvent was evaporated under reduced pressure, and the obtained res- 
idue was recrystallized from isopropyl alcohol to give 0.1 g of 3-(3-(4-(4-chloropheny0^-hydroxypiperidin-1-yl)propyl)- 
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6,7,8,9-tetrahydro-5H-1,2,4-triazolo[4,3-a]azepine, m.p. 163°C. 



Example 2 

5 



10 




To a solution (30 ml) of 1 -aza-2-methylthio-1 -cycloheptene (1.43 g) in butanol was added 3-(4-(4<:hlorophenyl)" 
1,2,3,6-tetrahydropyridin-1-yl)propylcarbohydra2ide (3.13 g) with stirring, and the mixture was refluxed under heating 
for 3 hours. After the completion of the reaction, the solvent was evaporated under reduced pressure, and the obtained 
20 residue was dissolved in isopropyl alcohol and maJeic acid was added to form a salt. The salt was collected by filtration 
and recrystallized from ethanol to give 4.2 g of 3-(3-(4-(4^hlorophenyl)-1,2,3 ( 6-tetrahydropyridin-1-yl)propyl)-6 t 7,8,9- 
tetrahydro-5H-1,2,4-triazolo[4,3-aJazepine dimaleate, m.p. 186°C. 

Example 3 

25 



30 



35 




3-(3-(4-(4-Chlorophenyl)-4-hydroxypiperidin-1 -yI)propyl)-6,7,8,9-tetrahydro-5H-1 ,2,4-triazolo[4,3-a]azepine (1 g) 
obtained in Example 1 was added to a solution (20 ml) of sodium iodide (2.76 g) and trimethylsilyl chloride (2 g) in ace- 
40 tonitrile with stirring and the mixture was refluxed under heating for 3 hours. After the completion of the reaction, the 
solvent was evaporated under reduced pressure, and the obtained residue was dissolved in isopropyl alcohol. A solu- 
tion of hydrogen chloride in isopropyl alcohol was added to form a hydrochloride thereof, which was collected by filtra- 
tion and recrystallized from ethanol to give 0.1 g of 3-(3-(4-(4-chlorophenyl)piperidin-1 -yOpropyO-ej.S.S-tetrahydro-SH- 
1,2,4-triazolo[4,3-a]azepine dihydrochloride, m.p. not less than 250°C. 

45 
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10 




is To a solution (1 50 ml) of 1 -aza-2-methoxy-1 -cycloheptene (23.6 g) in butanol was added 3-hydroxypropylcarbohy- 
drazkJe (23 g) with stirring, and the mixture was ref luxed under heating for 3 hours. After the completion of the reaction, 
the solvent was evaporated under reduced pressure, and the obtained residue was subjected to silica gel column chro- 
matography to give 29 g of 3-(3-hydroxypropyO-6,7.8,9-tetrahydro-5H-1 ,2,4-triazolo[4,3-a]azepine. To a solution of this 
compound (0.98 g) in dimethylformamide (20 ml) were added triethytamine (1.4 ml) and methanesulfonyl chloride (0.62 

20 ml) with stirring. Then, 4-(6-fluoro-1,2-benzisoxazol-3-yl)piperidine (1.28 g), potassium carbonate (1.38 g) and potas- 
sium iodide (0.83 g) were added and the mixture was stirred for 4 hours at 60°C. After the completion of the reaction, 
the reaction mixture was poured into water, extracted with ethyl acetate, washed with water, and dried over magnesium 
sulfate. The solution was concentrated under reduced pressure to give 3-(3-(4-(6-f luoro-1 ,2-benzisoxazol-3-yl)piperi- 
din-1 -yl)propyl)-6,7,8,9-tetrahydro-5H-1 ,2,4-triazolo[4,3-a]azepine. 

25 For crystallization, the obtained compound was dissolved in isopropyl alcohol and oxalic acid was added thereto to 
form a salt thereof, which was collected by filtration and recrystallized from ethanol to give 0.38 g of 3-(3-(4-(6-fluoro- 
1 ,2-benzisoxazol-3-yl)piperidin-1 -yl)propyl)-6,7,8,9-tetrahydro-5H-1 ,2,4-triazolo[4,3«a]azepine dioxalate. m.p. 151- 
153°C. 

30 Example 5 



35 



40 




Triethylamine (1 .4 ml) and methanesulfonyl chloride (0.62 ml) were added to a solution of 3-(3-hydroxypropyl)- 
45 6,7,8,9-tetrahydro-5H-1,2,4-triazolo[4,3-a]azepine (0.98 g) obtained in the same manner as in Example 4 in dimethyl- 
formamide (20 ml) with stirring. Then, 4-benzylpiperidine (0.88 g), potassium carbonate (1 .38 g) and potassium iodide 
(0.83 g) were added and the mixture was stirred for 4 hours at 60°C. After the completion of the reaction, the reaction 
mixture was poured into water, extracted with ethyl acetate, washed with water, and dried over magnesium sulfate. The 
solution was concentrated under reduced pressure to give 3-(3-(4-benzylpiperidin-1-yl)propyl)-6,7,8,9-tetrahydro-5H- 
50 1,2,4-triazol[4,3-a]azepine. 

For crystallization, the obtained compound was dissolved in isopropyl alcohol and oxalic acid was added thereto to 
form a salt thereof, which was collected by filtration and recrystallized from ethanol to give 0.15 g of 3-(3-(4-benzylpipe- 
ridin-1 -yl)propy1)^,7,8.9-teta^ dioxalate, m.p. 156-158°C. 
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Example 6 




By the same reaction and treatment as in Example 1 using 1 -aza-2-methoxy-1 -cycloheptene and 3-(4-(2-chloroph- 
eny1)-4-hydroxypiperidin« 1 -yl)propy1carbohydrazide, 3-(3-(4-(2-chlorophenyl)-4-hydroxypiperidin-1 -yl)propyt)-6,7 f 8,9- 
tetrahydro-SH-l^^-triazolo^.S-alazepine is obtained. 

Example 7 




By the same reaction and treatment as in Example 1 using 1 -aza-2-methoxy-1 -cycloheptene and 3-(4-(3-chloroph- 
enyl)-4-hydroxypiperidin-1-yl)propylcarbohydrazide, 3-(3-(4-(3-ch!orophenyl)-4-hydroxypiperidin-1-yl)propyl)-6,7,8,9- 
tetrahydro-5H-1 ,2,4-triazolo[4,3-a]azepine was obtained, m.p. 146-148°C. 

Example 8 




By the same reaction and treatment as in Example 1 using 1 -aza-2-methoxy-1 -cycloheptene and 3-(4-(4- 
bromophenyl)-4-hydroxypiperidin-1-yl)propylcarbohydra2ide f 3-(3-(4-(4-bromophenyl)-4-hydroxypiperidin-1-yl)propyl)- 
6. 7,8,9-tetrahydro-5H-1 ,2,4-triazolo[4 ( 3-a]azepine is obtained. 
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Example 9 



5 



10 




is By the same reaction and treatment as in Example 1 using 1-aza-2-methoxy-1 -cycloheptene and 3-(4-hydroxy-4- 
(4-methoxyphenyl)piperidin-1 -yl)propylcarbohydrazide ( 3-(3-(4-hydroxy-4-(4-methoxyphenyl)piperidin-1 -ytypropyl)- 
6J,8,9-tetrahydro-5H-1,2,4-triazolo[4,3-a]azepine is obtained. 

Example 10 

20 



25 



30 




By the same reaction and treatment as in Example 1 using 1 -aza-2-methoxy-1 -cycloheptene and 3-(4-hydroxy-4- 
(4-methylphenyl)piperidin-1-yl)propylcartx)hydrazide i 3-(3-(4-hydroxy-4-(4-methylphenyl)piperidin-1-yl)propy0-6,7,8,9- 
35 tetrahydro-5H-1 ,2,4-triazolot4,3-a]azepine was obtained, m.p. 160-161°C. 

Example 1 1 



40 



45 




To a solution (30 ml) of l-aza-2-methoxy-l -cycloheptene (2.31 g) in butanol was added 3-(4-(4-chloro-3-trtfluor- 
omethylphenyl)-4-hydroxypiperidin-Vyl)propylcarbohydrazide (3.5 g) with stirring, and the mixture was refluxed under 
heating for 3 hours. After the completion of the reaction, the solvent was evaporated under reduced pressure, and the 
obtained residue was recrystallized from a mixed solvent of ethyl alcohol and ethyl acetate to give 2.8 g of 3-(3-(4-{4- 
55 chloro-3-trif luoromethylphenyl)-4-hydroxypiperidin-1 -yl)propyO-6,7,8,9-tetrahydro-5H-1 .^-triazoloK.S-aJazepine. m.p. 
151°C. 
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Example 12 




By the same reaction and treatment as in Example 1 using 1 -aza-2-methoxy-1-cycloheptene and 3-(4-(4-ch!oro-2- 
methylphenylJ^-hydroxypiperidin-l-yOpropyicarbohydrazide, 3-(3-(4-(4-chloro«2-methytphenyl)-4-hydroxypiperidin-1- 
yl)propyI)-6,7,8.9-tetrahydro-5H-1 t 2,4-triazolo[4,3-a]azepine is obtained. 

Example 13 




By the same reaction and treatment as in Example 1 using 1-aza-2-methoxy-1-cycloheptene and 3-(4-(2,3-dichlo- 
rophenyl)-4-hydroxypiperidin-1-yl)propylcarbohydrazide. 3-(3-(4-(2.3-dichlorophenyl)-4-hydroxypiperidin-1-yl)propy0- 
6,7,8,9-tetrahydro-5H-1 ,2,4-triazolo[4,3-a]azepine is obtained. 

Example 14 




By the same reaction and treatment as in Example 1 using 1-aza-2-methoxy-l-cycloheptene and 3-(4-hydroxy-4- 
(1 -naphthyi)piperidin-1 -yl)propylcarbohydrazide, 3-(3-(4-hydroxy-4-(1 -naphthyl)piperidin-1 -yl)propyl)-6.7,8.9-tetrahy- 
dro-5H-1 ,2,4-triazolo[4,3-a]azepine is obtained. 
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By the same reaction and treatment as in Example 1 using 1 -aza-2-methoxy-1 -cycloheptene and 3-(4-hydroxy-4- 
(2-naphthyt)piperidin-1-yl)propy1carbohydrazide, 3-(3-(4-hydroxy-4-(2-naphthyl)piperidin-1-yl)propyl)-6,7,8.9-tetrahy- 
dro-5H-1,2 t 4-triazolo[4,3-a]azepine is obtained. 

Example 16 




By the same reaction and treatment as in Example 1 using 1 -aza-2-methoxy-1 -cycloheptene and 3-(4-(2-chloro-5- 
trifluoromethylpheny0-4-hydroxypiperidin-1-yl)propy1carbohydrazide, 3-(3-(4-(2-chloro-5-trifluoromethylphenyl)-4- 
hydroxypiperidin-1 -yl)propyl)-6,7.8,9-tetrahydro-5H-1 ,2,4-triazolo[4,3-a]azepine is obtained. 

Example 17 




By the same reaction and treatment as in Example 1 using 1 -aza-2-methoxy-1 -cycloheptene and 3-(4-(4-chloro-2- 
fluorophenylj^-hydroxypiperidin-l-yljpropylcarbohydrazide, 3-{3-(4-{4-chloro-2-flLiorophenyl)-4-hydroxypiperidin-1- 
yOpropyO-ej.S.S-tetrahydro-SH-l ^^-triazolo^-alazepine is obtained. 
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Example 18 




By the same reaction and treatment as in Example 1 using 1-aza-2-methoxy-1 -cycloheptene and 3-(4-(4-chloro-3- 
fluorophenyl)-4-hydroxypiperidin-1-yl)propylcarbohydrazide, 3-(3-(4-(4-chloro-3-fluorophenyl)-4-hydroxypiperidin-1- 
yl)propyl)-67,8,9-tetranydro-5H-1 f 2,4-triazolo[4,3-a]azepine is obtained. 

Example 19 




By the same reaction and treatment as in Example 1 using 1 -aza-2-methoxy-1 -cycloheptene and 3-(4-(3-chloro-4- 
fluorophenyl)-4-hydroxypiperidin-1-yl)propylcarbohydrazide, 3-(3-(4-(3-chloro-4-fluorophenyl)-4-hydroxypiperidin-1- 
yl)propyl)-6,7,8,9-tetrahydro-5H-1 ^^-triazolo^.S-aJazepine is obtained. 

Example 20 




By the same reaction and treatment as in Example 1 using 1 -aza-2-methoxy-1 -cycloheptene and 3-(4-(2-chloroph- 
enyl)piperidin-1 -yl)propylcarbohydrazide, 3-(3-(4-(2-chlorophenyl)piperidin-1 -yl)propyl)-6,7,8,9-tetrahydro-5H-1 ,2,4-tri- 
a20lo(4,3-a]azepine is obtained. 
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Example 21 




a 



By the same reaction and treatment as in Example 1 using 1 -aza-2-methaxy-1 -cycloheptene and 3-(4-(3-chloroph- 
enyl)piperidin-1-yl)propylcarbohydrazide ( 3-(3-(4-(3<hlorophenyl)piperidin-1^ 
azoio[4,3-a]azepine is obtained. 

Example 22 




By the same reaction and treatment as in Example 1 using 1-aza-2-methoxy-1 -cycloheptene and 3-(4-(4- 

bromophenyl)piperidin-1 -yOpropylcarbohydrazide, 3-(3-(4-(4-bromophenyl)piperidin-1 -yl)propyl) -6,7,8, 9-tetrahydro- 
5H-1,2,4-triazolo[4,3-a]azepine is obtained. 

Example 23 




By the same reaction and treatment as in Example 1 using 1 -aza-2-rnethoxy-1 -cycloheptene and 3-(4-(4-methox- 
yphenyf)piperidin-1 -yl)propylcarbohydrazide, 3-(3-(4-(4-methoxyphenyl)piperidin-1-yl)propyl)-6.7,8.9-tetrahydro-5H- 
1 ,2,4-triazolo[4,3-a]azepine is obtained. 
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Example 24 




By the same reaction and treatment as in Example 1 using 1 -aza-2-methoxy-1 -cyctoheptene and 3-(4-(4-methy1- 
phenyl)piperidin-1 -yl)propylcarbohydrazkJe, 3-(3-(4-(4-methylphenyl)piperidin-1 -yl)propy1)-6,7,8, 9-tetrahydro-5H-1 ,2,4- 
triazolo[4,3-a]azepine is obtained. 

Example 25 




dihydrochbride 3/2 hydrate CF 3 



To a soution of sodium iodide (0.43 g) and trimethylsilyl chloride (0.32 g) in acetonitrile (40 ml) was added 3-(3-(4- 
(4^hloro-3-trifluoromethylphenyl)-4-hyd 

(0.22 g) obtained in Example 1 1 with stirring, and the mixture was refluxed under heating for 3 hours. After the comple- 
tion of the reaction, the solvent was evaporated under reduced pressure, and the obtained residue was dissolved in iso- 
propyl alcohol. Thereto was added a solution of hydrogen chloride in isopropyl alcohol to form a hydrochloride thereof, 
which was collected by filtration and recrystallized from ethanol to give 0.05 g of 3-(3-(4-(4-chloro-3-tr*rfluoromethytphe- 
nylJpiperidin-l-ylJpropylJ-e.y.S.S-tetrahydro-SH-l^^-triazolo^.S-alazepine di hydrochloride 3/2 hydrate, m.p. 255°C 
(decomposition). 

Example 26 




By the same reaction and treatment as in Example 1 using 1 -aza-2-methoxy-l -cycloheptene and 3-(4-(4-chloro-2- 
methylphenyl)piperkJin-1-y0p^ 3-(3-(4-(4K:hloro-2-methytphenyl)piperidin-1-y1)propyi)-6,7,8 i 9-tet- 
rahydro-5H-1,2,4-triazolo[4,3-a]a2epine is obtained. 
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By the same reaction and treatment as in Example 1 using 1 -aza-2-methoxy-1 -cycloheptene and 3-(4-(2,3-dichlo- 
rophenyI)piperidin-1-yl)propylcarbohydra2ide, 3-(3-(4-(2,3Kiichlorophenyl)piperidin-1-yl)propyl)-6,7,8 > 9-tetrahydro-5H- 
1,2,4-triazolo[4,3-a]azepine is obtained. 

Example 28 




By the same reaction and treatment as in Example 1 using 1-aza-2-methoxy-1 -cycloheptene and 3-(4-(1-naph- 
thyl)piperidin-1-yl)propyicarbohydrazide, S-tS^-CI-naphthylJpiperidin-l-ylJpropylJ-ej.S.S-tetrahydro-SH-l.a.A-tria- 
zolo[4,3-a]azepine is obtained. 

Example 29 




By the same reaction and treatment as in Example 1 using 1-aza-2-methoxy-1 -cycloheptene and 3-(4-(2-naph- 
thyl)piperidin-1 -yOpropylcarbohydrazide. 3-(3-(4-(2-naphthyl)piperidin-1 -yl)propyl)-6,7,8.9-tetrahydro-5H-1 ,2,4-tria- 
zolo[4,3-a]azepine is obtained. 
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Example 30 




By the same reaction and treatment as in Example 1 using 1-aza-2-methoxy-1-cycloheptene and 3-(4-(2-chloro-5- 
trrfluoromethylphenyl)piperidin-1-yl)propylcarbohydrazide, 3-(3-(4-(2-chloro-5-trifluoromethylphenyl)piperidin-1-yl)pro- 
pyt)-6.7,8,9-tetrahydro-5H-1,2,4-tria2olo[4,3-aJazepine is obtained. 

Example 31 




By the same reaction and treatment as in Example 1 using 1 -aza-2-methoxy-1-cycloheptene and 3-(4-(4-chloro-2- 
fluorophenyl)piperidin-1-yl)propylcarbohydrazide, 3-(3-(4-(4-chloro-2-fluorophenyl)piperidin-1-y1)propyl)-6,7,8 ( 9-tet- 
rahydro-5H-1 ,2,4-triazolo[4,3-a]azepine is obtained. 

Example 32 




By the same reaction and treatment as in Example 1 using 1-aza-2-methoxy-1-cycloheptene and 3-(4-(4-chloro-3- 
fluorophenyl)piperidin-1-yl)propylcarbohydrazide t 3-(3-(4-(4-chloro-3-fluorophenyl)piperidin-1-y0propyl)-6,7 i 8 l 9-tet- 
rahydro-5H-1,2,4-tria20lo[4,3-a]azepine is obtained. 
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Example 33 




By the same reaction and treatment as in Example 1 using 1-aza-2-methoxy-1 -cycloheptene and 3-(4-(3-chloro-4- 
fluorophenyl)piperidin-1-yl)propylcarbohydra2ide, 3-(3-(4-(3-chloro-4-fluorophenyl)piperidin-1-yl)propyl)-6.7,8,9-tet- 
rahydro-5H-1 ^-triazolofrS-alazepine is obtained. 

Example 34 




By the same reaction and treatment as in Example 1 using 1 -aza-2-methoxy-1 -cycloheptene and 3-(4-(2-chloroph- 
enyl)-1 ,2,3,6-tetrahydropyridin-1 -yl)propylcarbohydrazide, 3-(3-(4-(2-chloropheny1)-1 ,2,3,6-tetrahydropyridin-1 -yl)pro- 
pyl)-€.7,8,9-tetrahydro-5H-1,2,4-tria20lo[4,3-a]azepine is obtained. 

Example 35 




By the same reaction and treatment as in Example 1 using 1 -aza-2-methoxy-1 -cycloheptene and 3-(4-(3-chloroph- 
enyl)-1 ,2,3.6-tetrahydropyridin-l -y1)propylcarbohydrazide and then by a conventional treatment using maleic acid, 3-(3- 
(4-(3-chlorophenyI)-1 ,2,3,6-tetrahydropyridin-1 -y1)propyl)-6,7,8,9-tetrahydro-5H-1 ,2,4-triazolo[4,3-a]azepine dimaleate 
was obtained, m.p. 173-174°C. 
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By the same reaction and treatment as in Example 1 using 1 -aza-2-methoxy-l -cycloheptene and 3-(4-(4- 
bromophenyl)-1 ,2,3,6-tetrahydropyrtdin-1 -yl)propylcarbohydrazide f 3-(3-(4-(4-bromophenyl)-1 ,2,3.6-tetrahydropyridin- 
l-ylJprcpylJ-e.T.S^-tetrahydro-SH-l^^-triazolo^.S-aJazepine was obtained. 

1 H-NMR(CDCI 3 ) 6 : 1.62-1.80(4H,m). 1.81-1.92(2H.m), 2.01(2H,tt.J=7.7Hz), 2.4 3-2.62(4H,m), 2.70(2H,t.J=6Hz), 
2.81(2H,t,J=7Hz), 2.96(2H t t.J=6Hz), 3.10-3.19 (2H,m), 3.89(2H,t,J=5Hz), 6.02-6.1 3(1 H,m), 7.24(2H,d.J=9Hz), 
7.42(2H,d,J=9Hz) 

Example 37 




By the same reaction and treatment as in Example 1 using 1 -aza-2-methoxy-1 -cycloheptene and 3-(4-(4-methox- 
yphenyl)-1 ,2,3,6-tetrahydropyridrn-1 -y1)propyicarbohydrazide, 3-(3-(4-(4-methoxyphenyl)-1 ,2,3,6-tetrahydropyridin-1 - 
yl)propyl)-6,7,8,9-tetrahydro-5H-1 .2 t 4-triazo!o[4,3-a]azepine was obtained. 

1 H-NMR(CDCI 3 ) 6 : 1 .66-1.81(4H,m), 1 .82-1 .95(2H,m), 2.01(2H,tl,J=8,7Hz), 2.41-2.53(2H,m), 2.56(2H,t.J=7Hz), 
2.69(2H,t,J=6Hz), 2.79(2H,t,J=8Hz), 2.96(2H.t,J =6Hz), 3.08-3. 18(2H,m), 3.81(3H,s). 3.90(2H,t,J=5Hz), 5.92- 
6.01 (1H,m). 6.85(2 H,d.J=9Hz), 7.32(2H,d,J=9Hz) 

Example 38 




By the same reaction and treatment as in Example 1 using 1-aza-2-methoxy-1 -cycloheptene and 3-(4-(4-methy1- 
phenyl)-1 ,2,3,6-tetrahydropyridin-1 -yl)propylcarbohydrazide f 3-{3-(4-(4-methylphenyl)-1 ,2,3,6-tetrahydropyridin-1 - 
yl)propyl)-6,7,8,9-tetrahydro-5H-1,2,4-triazolo[4,3-a]azepine was obtained, m.p. 93-96°C. 



51 



EP 0 885 883 A1 



Example 39 




To 3-(3-(4-(4-chloro-3-trtfluoromethyfphenyl)-4-ty 
zolo[4,3-a]azepine (0.22 g) obtained in Example 1 1 were added water (2 ml) and cone, sulfuric acid (11 ml) and the mix- 
ture was stirred at 90°C for 30 minutes with heating. After the completion of the reaction, the reaction mixture was made 
alkaline, extracted with chloroform, washed with water, and dried over magnesium sulfate. The solvent was evaporated 
under reduced pressure, and the obtained residue was dissolved in isopropyl alcohol. Thereto was added a solution of 
hydrogen chloride in isopropyl alcohol to form a hydrochloride thereof, which was collected by filtration and recrystal- 
lized from ethanol to give 0.15 g of 3-(3-(4-(4-chloro-3-trffluoromethylphen 

ej.S.S-tetrahydro-SH-l^^-triazoloK.S-aJazepinedihydrochloride 1/2 hydrate, m.p. 278°C (decomposition). 
Example 40 




By the same reaction and treatment as in Example 1 using 1 -aza-2-methoxy-1 -cycloheptene and 3-(4-(4-ch!oro-2- 
methylphenyl)-1 ,2,3,6-tetrahydropyridin-1 -yl)propylcarbohydrazide. 3-(3-(4-(4-chloro-2-methylphenyl)-1 ,2,3,6-tetrahy- 
dropyridin-1 -yl)propyl)-6,7,8,9-tetrahydro-5H-1 ,2,4-triazolo[4,3-a]azepine was obtained. 

1 H-NMR(CDCI 3 ) 6 : 1 .65-1 .83(4H,m), 1 .85-1 .93(2H,m) 2.02(2 H,tt,J=7,6Hz), 2.26 (3H,s), 2.30-2.41 (2H,m), 
2.59(2H,t,J=7Hz), 2.70(2H,t.J=5Hz), 2.79(2H,t,J=7Hz), 2.97(2H,t,J=6Hz), 3.09-3.21 (2H,m), 3.91(2H,t,J=5Hz), 5.49- 
5.55(1 H,m), 7.01(1 H,d,J=8Hz), 7.09(1 H,d,J=2Hz), 7.15(1 H,dd,J=8,2Hz) 

Example 41 




By the same reaction and treatment as in Example 1 using 1 -aza-2-methoxy-1 -cycloheptene and 3-(4-(2,3-dichlo- 
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rophenyl)-1 .2,3,6-tetrahydropyridin-1 -yl)propylcarbohydrazide t 3-(3-(4-(2,3<Jichlorophenyl)-1 ,2,3,6-tetrahydropyricfin- 
1-yl)propyO-6,7,8,9-tetrahydro-5H-l,2,4-triazolo[4,3-a]a2epine was obtained. 

1 H-NMR(CDQ 3 ) 6 : 1.60-1.82(4H.m), 1.83-1. 92(2 H,m), 2.02(2H,tt,J=8,7Hz), 2.40-2.50(2H,m). 2.58(2H,t,J=7Hz) 1 
2.70(2H,t,J=5Hz) t 2.80(2H,t.J=8Hz), 2.97(2H,t.J =6Hz), 3.11-3.18(2H,m), 3.93(2H,t.J=5Hz), 5.61 -5.68(1 H,m), 
5 7.10(1 H,d,J=2Hz), 7.15(1H f d,J=8Hz), 7.36(1 H,dd.J=8,2Hz) 

Example 42 



10 



15 




20 By the same reaction and treatment as in Example 1 using 1 -aza-2-methoxy-1 -cycloheptene and 3-(4-(1 -naphthyl)- 
1 f 2,3,6-tetrahydropyridin-1 -yljpropylcarbohydrazide, 3-(3-(4-(1 -naphthy1)-1 ,2,3,6-tetrahydropyridin-1 -yi)propyl)-6, 7,8,9- 
tetrahydro-5H-1 ,2,4-triazolo[4,3-a]azepine is obtained. 

Example 43 

25 



30 



35 




By the same reaction and treatment as in Example 1 using 1 -aza-2-methoxy-1 -cycloheptene and 3-(4-(2-naphthyl)- 
40 1 ,2,3,6-tetrahydropyridin-1 -yJ)propylcarbohydrazide, 3-(3-(4-(2-naphthyl)-1 ,2,3,6-tetrahydropyridin-1 -yl)propyl)-6, 7,8,9- 
tetrahydro-5H-1,2,4-triazolo[4,3-a]azepine was obtained. 

1 H-NMR(CDCI 3 ) 6 : 1.62-1.83(4H,m), 1.84-1.94(2H,m), 2.05(2H,tt,J=8.7Hz), 2.(5 1(2H,U=7Hz). 2.67-2.86(6H,m), 
2.96(2H,t,J=6Hz), 3.1 7-3. 26(2 H,m), 3.91(2H,t,J =5Hz), 6.20-6.29(1 H,m), 7.39-7.50(3H,m), 7.57-7.63(1 H,m), 7.72- 
7.85(4H,m) 
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By the same reaction and treatment as in Example 1 using 1 -aza-2-methoxy-1 -cycloheptene and 3-(4-(2-chloro-5- 
trtfluoromethylpheny0-1,2,3,6-tetrahydropy^ 3-(3-(4-(2-chloro-5-trifluoromethytphenyl)- 
1 ,2,3,6-tetrahydropyridin-1 -yl)propyl)-6.7,8.9-tetrahydro-5H-1 ,2,4-triazolo[4,3-a]azepine is obtained. 

Example 45 




By the same reaction and treatment as in Example 1 using 1 -aza-2-methoxy-1 -cycloheptene and 3-(4-(4-chloro-2- 
f luorophenyl)-1 ,2,3,6-tetrahydropyridin-1 -yl)propylcarbohydrazide, 3-(3-(4-(4-chloro-2-f luorophenyl)-1 ,2,3,6-tetrahydro- 
pyrtdin-1-yl)propyl)-6,7,8,9-tetrahydro-5H-1 ,2,4-triazolo[4,3-a]azepine is obtained. 

Example 46 




By the same reaction and treatment as in Example 1 using 1 -aza-2-methoxy-1 -cycloheptene and 3-(4-(4-chloro-3- 
f luorophenyl)-1 ,2,3,6-tetrahydropyridin-1 -yl)propylcarbohydrazide, 3-(3-(4-(4-chloro-3-f luoropheny1)-1 ,2,3,6-tetrahydro- 
pyridin-1-yl)propyl)-6,7,8.9-tetrahydro-5H-1 ^^-triazdo^.S-aJazepine is obtained. 
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By the same reaction and treatment as in Example 1 using 1 -aza-2-methoxy- 1 -cycloheptene and 3-(4-(3-chloro-4- 
f luorophenyl)-1 ,2,3.6-tetrahydropyridin-1 -yl)propylcarbohydrazide, 3-(3-(4-(3-ch!oro-44luorophenyl)-1 ,2,3,6-tetrahydro- 
pyridin-1-yl)propyl)-6,7 f 8,9-tetrahydro-5H-1 ,2,4-triazolo[4,3-a]azepine is obtained. 

Example 48 




To a solution (8 ml) of cycloheptanone oxime (1.2 g) in tetrahydrofuran was added n-butyllithium (6 ml) under ice- 
cooling, and ethyl 4-(4-(4-chloropheny1)piperazin-1 -yl)-n-butyrate (1 g) was added, which was followed by stirring at 
room temperature for 1-24 hours. After the completion of the reaction, the solvent was evaporated under reduced pres- 
sure, and the obtained residue was dissolved in isopropyl alcohol. Then, a solution of hydrogen chloride in isopropyl 
alcohol to form a hydrochloride thereof, which was collected by filtration and recrystallized from ethanol to give 0.2 g of 
3-(3-(4-(4-chlorophenyl)piperazin-1 -yl)propyl)-5 l 6,7,8-tetrahydro-4H-cyclohepta[c]isoxa20le hydrochloride, m.p. 220°C 
(decomposition). 

Example 49 




By the same reaction and treatment as in Example 48 using cycloheptanone oxime and ethyl 4-(4-(2-ch1orophe- 
nyi)piperidin-1-yl)-n-butyrate ( 3-(3-(4-(2-cNoropheny1)piperidin-1-^ 
zole is obtained. 
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CI 



By the same reaction and treatment as in Example 48 using cycloheptanone oxime and ethyl 4-{4-(3-chlorophe- 
nyl)piperidin-1-yl)-n-butyrate. 3-(3-(4-(3-chloropheny1)piperidin-1-yl)propyl)-5.6J,8-tetrahydrc-4H^dohepta[c]isoxa- 
zole is obtained. 

Example 51 




By the same reaction and treatment as in Example 48 using cycloheptanone oxime and ethyl 4-(4-(4-bromophe- 
nyl)piperidin-1-yl)-n-butyrate, 3-(3-(4-(4-bromophenyl)piperidin-1-yl)propyl)-5.6,7,8-tetrahydro-4H-cyclohepta[c]isoxa- 
zole is obtained. 

Example 52 




OMe 



By the same reaction and treatment as in Example 48 using cycloheptanone oxime and ethyl 4-(4-(4-methoxyphe- 
nyl)piperidin-1 -yl)-n-butyrate. 3-(3-(4-(4-methaxypheny1)piperidin-1 -yl)propyl)-5,6,7,8-tetrahydro-4H-cydoheptaIc]isox- 
azole is obtained. 
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By the same reaction and treatment as in Example 48 using cycloheptanone oxime and ethyl 4-(4-(4-methylphe- 
nyl)piperidin-1-yl)-n-butyrate, 3-(3-(4-(4-methylphenyl)piperidinO-yl)propyl)-5,6J P 8-tetrahydro-4H-cyclohepta[c]isoxa- 
zole is obtained. 

Example 54 




CF 3 



By the same reaction and treatment as in Example 48 using cycloheptanone oxime and ethyl 4-(4-(4-chloro-3-trif- 
luoromethylphenyl)piperidin-1-yl)-n-butyrate. 3-(3-(4-(4-chloro-3-trifluoromethylphenyl)piperidin-1-y0propyl)-5,6,7,8- 
tetrahydro-4H-cyclohepta[c]isoxa2ole is obtained. 

Example 55 




By the same reaction and treatment as in Example 48 using cycloheptanone oxime and ethyl 4-(4-(4-chloro-2- 
methylphenyl)piperidin-1 -yO-n-butyrate, 3-(3-(4-(4-chloro-2-methylphenyl)piperidin-1 -yl)propyl)-5.6 ,7.8-tetrahydro-4H- 
cyclohepta[c]isoxazole is obtained. 
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By the same reaction and treatment as in Example 48 using cycloheptanone oxime and ethyl 4-(4-(2,3-dichloroph- 
enyl)piperidin-1-y0-n-butyrate. 3-(3-(4-(23<lichlorophenyl)piperidin-1-yl)propyl)-5,67 ( 8-tetrahydro^H- 
cycJohepta[c]isoxazole is obtained. 

Example 57 




By the same reaction and treatment as in Example 48 using cycloheptanone oxime and ethyl 4-(4-(1 -naphthyl)pip- 
eridin-1 -yl)-n-butyrate, 3-(3-(4-(1 -naphthyl)piperidin-1 -yl)propyl)-5,6,7,8-tetrahydro-4H-cyclohepta[c]isoxa2ole is 
obtained. 

Example 58 




By the same reaction and treatment as in Example 48 using cycloheptanone oxime and ethyl 4-(4-(2-naphthy1)pip- 
eridin-1 -yl)-n-butyrate. 3-(3-(4-(2-naphthyl)piperidin-1 -y!)propyl)-5,6,7,8-tetrahydro-4H-cyclohepta[c]isoxazole is 
obtained. 
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5 



10 




CF 3 

15 

By the same reaction and treatment as in Example 48 using cycloheptanone oxime and ethyl 4-(4-(2-chloro-5-trrf- 
luoromethytphenyl)piperidin-1-yl)-n-butyrate, 3-(3-(4-(2-chloro-5-trrfluoromethylphenyl)piperidin-1-yl)propyl)-5.6 f 7.8- 
tetrahydro-4H-cyclohepta[c]isoxazole is obtained. 

20 Example 60 



25 



30 




By the same reaction and treatment as in Example 48 using cycloheptanone oxime and ethyl 4-(4-(4-chloro-2-f luor- 
35 ophenyl)piperidin-1-yl)-n-butyrate, 3-(3-(4-(4-chloro-2-fluorophenyl)piperidin-1-yl)propyl)-5,6,7 i 8-tetrahydro-4H- 
cyclohepta[c]isoxazole is obtained. 

Example 61 



45 




50 

By the same reaction and treatment as in Example 48 using cycloheptanone oxime and ethyl 4-(4-(4-chloro-3-f luor- 
ophenyl)piperidin-1-yi)-n-butyrate, 3-(3K4K4^hloro-3-fluorophenyl)piperkjin-1-yl)propyl)-5.6,7,8-tetrahydro-4 
cyclohepta[c]isoxazole is obtained. 

55 
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Example 62 




By the same reaction and treatment as in Example 48 using cycloheptanone oxime and ethyl 4-(4-(3-chloro-4-fluor- 
ophenyl)piperidin-1-yl)-n-butyrate, 3-(3-(4-(3-chloro-4-fluorophenyl)piperidin-1-yl)prcpyl)-5,6.7 > 8-tetrahydro-4H- 
cyclohepta[c]isoxazo1e is obtained. 

Example 63 




By the same reaction and treatment as in Example 48 using cycloheptanone oxime and ethyl 4-(4-(2-chlorophenyl)- 
1 ,2,3,6-tetrahydropyridin-1 -yl)-n-butyrate, 3-(3-<4-(2-chlorophenyl)-1 ,2,3,6-tetrahydropyridin-1 -yl)propyl)-5,6,7,8-tet- 
rahydro-4H-cyclohepta[c]isoxazole is obtained. 

Example 64 




By the same reaction and treatment as in Example 48 using cycloheptanone oxime and ethyl 4-(4-(3-chlorophenyl)- 
1 ,2,3,6-tetrahydropyridin-1 -yi)-n-butyrate, 3-(3-(4-(3-chlorophenyl)-1 ,2,3,6-tetrahydropyridin-l -yl)propyl)-5 t 6,7,8-tet- 
rahydro-4H-cyclohepta[c]isoxazole is obtained. 
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Example 65 




By the same reaction and treatment as in Example 48 using cycloheptanone oxime and ethyl 4-{4-(4-bromophe- 
nyl)-1 ,2,3,6-tetrahydropyridin-1 -yl)-n-butyrate, 3-(3-(4-(4-bromophenyl)-1 ,2 t 3,6-tetrahydropyridin-1 -yi)propyl)-5,6,7,8- 
tetrahydro-4H-cyclohepta[c]isoxazole is obtained. 

Example 66 




By the same reaction and treatment as in Example 48 using cycloheptanone oxime and ethyl 4-(4-(4-methoxyphe- 
nyl)-1 ,2,3,6-tetrahydropyridin-1 -yl)-n-butyrate, 3-(3-(4-(4-methoxyphenyl)-1 ,2 f 3,6-tetrahydropyridin-1 -y1)propyl)- 

5,6.7,8-tetrahydro-4H-cyclohepta[c]isoxazole is obtained. 

Example 67 




Me 



By the same reaction and treatment as in Example 48 using cycloheptanone oxime and ethyl 4-(4-(4-m ethyl phenyl) 
1 ,2,3,6-tetrahydropyridin-1 -yl)-n-butyrate, 3-<3-(4-(4-methylphenyi)-1 ,2 t 3,6-tetrahydropyridin-1 -yl)propyl)-5,6,7,8-tet- 
rahydro-4H-cyclohepta[c]isoxazole is obtained. 
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CF 3 



By the same reaction and treatment as in Example 48 using cycloheptanone oxime and ethyl 4-(4-(4-chloro-3-trif- 
luoromethylphenylJ-l.a.a.S-tetrahydropyridin-l-yfJ-n-butyrate, 3-(3-(4-(4-chloro-3-trifluoromethytphenyl)- 1,2,3, 6-tet- 
rahydropyridin-1 -yl)propyl)-5,6,7,8-tetrahydro-4H- cyclohepta[c]isoxazole is obtained. 

Example 69 




CI 



By the same reaction and treatment as in Example 48 using cycloheptanone oxime and ethyl 4-(4-(4-chloro-2- 
methylphenyl)-1 ,2,3,6-tetrahydropyridin-1 -yl)-n-butyrate, 3-(3-(4-(4-chloro-2-methylphenyi)-1 ,2,3,6-tetrahydropyridin-1 - 
ylJpropylJ-S.ej.S-tetrahydro^H-cycloheptalclisoxazole is obtained. 

Example 70 




By the same reaction and treatment as in Example 48 using cycloheptanone oxime and ethyl 4-(4-(2,3-dichloroph- 
enyl)-1 ,2,3,6-tetrahydropyridin-1 -yl)-n-butyrate, 3-<3-(4-(2,3-dich!oropheny1)-1 ,2,3 f 6-tetrahydropyridin-1 -yljpropyl)- 
5,6,7,8-tetrahydro-4H-cyclohepta[c]isoxazole is obtained. 
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Example 71 




By the same reaction and treatment as in Example 48 using cycloheptanone oxime and ethyl 4-(4-(1 -naphthyf)- 
1 .2,3,6-tetrahydropyridin-1 -yl)-n-butyrate, 3-(3-(4-(1 -naphthyl)-1 ,2.3,6-tetrahydropyridin-l -yt)propyl)-5,6,7.8-tetrahydro- 
4H-cyclohepta[c]isoxazole is obtained. 

Example 72 




By the same reaction and treatment as in Example 48 using cycloheptanone oxime and ethyl 4-(4-(2-naphthyf)- 
1 ,2,3,6-tetrahydropyridin-1 -yl)-n-butyrate, 3«(3-(4-(2-naphthyl)-1 ,2,3.6-tetrahydropyridin-1 -ylJpropylj-S.ej.S-tetrahydro- 
4H-cyclohepta[c]isoxazole is obtained. 

Example 73 




CF 3 



By the same reaction and treatment as in Example 48 using cycloheptanone oxime and ethyl 4-(4-(2-chloro-5-trif- 
luoromethytphenyl)-1 ,2,3,6-tetrahydropyridin-1 -yl)-n-butyrate, 3-(3-<4-(2-chloro-5-trif luoromethylphenyl)-1 ,2,3,6-tet- 
rahydropyridin-1-y1)propyl)-5,6J t 8-tetrahydro^H-cyclohepta[c]isoxazole is obtained. 
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Example 74 




By the same reaction and treatment as in Example 48 using cycloheptanone oxime and ethyl 4-(4-(4-chloro-2-f luor- 
ophenyl)-1 ,2,3,6-tetrahydropyridin-1 -yl)-n-butyrate, 3-(3-(4-(4-chloro-2-f luorophenyl)-1 ,2,3,6-tetrahydropyridin-1 -yl)pro- 
pyl)-5,6,7,8-tetrahydro-4H-cyclohepta[c]isoxa20le is obtained. 

Example 75 




By the same reaction and treatment as in Example 48 using cycloheptanone oxime and ethyl 4-(4-(4-chloro-3-fluor- 
ophenyl)-1 P 2 P 3,6-tetrahydropyridin-1 -yl)-n-butyrate, 3-(3-(4-(4-chloro-3-f luorophenyl)-1 ,2,3,6-tetrahydropyridin-1 -yl)pro- 
pyl)-5,6,7.8-tetrahydrc-4H-cyclohepta[c]isoxa20le is obtained. 

Example 76 




By the same reaction and treatment as in Example 48 using cycloheptanone oxime and ethyl 4-{4-(3-chloro-4-f luor- 
ophenyO-1 ,2,3,6-tetrahydropyridin-1 -yl)-n-butyrate. 3-(3-(4-(3-chloro-4-f luorophenyl)-1 ,2,3,6-tetrahydropyridin-1 -yI)pro- 
pyl)-5.6.7 t 8-tetrahydro-4H-cyclohepta[c]isoxazole is obtained. 
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By the same reaction and treatment as in Example 1 using 5-methoxy-2,3,6.7-tetrahydro[1 ,4]oxazepine and 3-(4- 
(4-ch!orophenyl)piperidin-1-yl)propylcarbohydra2ide, 3^3-(4-(4-chlor<)phenyl)pipertdin-1-yl)propyi)-5,6,8,9-tetrahydro- 
"l.^-triazolo^.S-dHMloxazepine is obtained. 

Example 78 




By the same reaction and treatment as in Example 1 using 5-methoxy-2,3,6,7-tetrahydro[1 ,4]Qxazepine and 3-(4- 
(4-chlorophenyl)-1 ,2,3.6-tetrahydropyridin-1 -yl)propylcarbohydrazide, 3-(3-(4-(4-chlorophenyi)-1 ,2,3.6-tetrahydropyri- 
din-1 -yl)propyl)-5,6,8,9-tetrahydro-1 ,2,4-triazoloI4,3-d][1 ,4]oxazepine is obtained. 

Example 79 




By the same reaction and treatment as in Example 1 using 5-methoxy-2,3,6,7-tetrahydro[1,4]thiazepine and 3-(4- 
(4-chlorophenyl)piperidin-1 -yl)propylcarbohydrazide, 3-(3-(4-(4-chlorophenyl)piperidin-1 -yl)propyl)-5,6,8,9«tetrahydro- 
1.2,4-triazolo[4,3-d][1,4]thiazepine is obtained. 
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Example 80 




By the same reaction and treatment as in Example 1 using 5-methoxy-2,3,6,7-tetrahydro[1 ,4]thiazeptne and 3-(4- 
(4-chlorophenyl)-1 ,2,3,6-tetrahydropyridin-l -yljpropylcarbohydrazide, 3-(3-(4-(4-chlorophenyi)-1 ,2,3,6-tetrahydropyri- 
din-1 -yl)propy!)-5 i 6 ( 8 J 9-tetrahydro-1,2,4-triazolo[4 l 3«d][1 ,4]thiazepine is obtained. 

Example 81 




By the same reaction and treatment as in Example 48 using cyclohexanone oxime and ethyl 4-(4-(4-chiorophe- 
nyl)piperazin-1-yl)-n-butyrate, 3-(3-(4-(4-chlorophenyl)piperazin-1-yl)propyl)-4,5,6,7-tetrahydrobenzo[c]isoxa20le is 
obtained. 

Example 82 




By the same reaction and treatment as in Example 48 using tetrahydro-4H-pyran-4-one oxime and ethyl 4-{4-(4- 
chloropheny0pipera2in-1-yl)-n-butyrate, 3K3K4K4-chlorophenyl)piperazin-1-yl)propyl)^jKiihydro^H-pyrano[4 ( 3- 
c]isoxazole is obtained. 
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By the same reaction and treatment as in Example 48 using tetrahydro-4H-thiopyran-4-one oxime and ethyl 4-(4- 
(4<hlorophenyl)piperazin-1-yl)-n-biityrate, 3-(3-(4-(4-chlorophenyl)piperazin-1-yl)propy1)-6.7-dihydro-4H-thi- 
opyrano[4 f 3-c]isoxazo!e is obtained. 

Example 84 




To a solution (30 ml) of 1-aza-2-methylthio-1-cycloheptene (5.74 g) in butanol was added 3-(4-(2-thienyl)-4-hydrox- 
ypiperidin-1-yl)propylcarbohydrazide (8.5 g) with stirring, and the mixture was refluxed under heating for 3 hours. After 
the completion of the reaction, the solvent was evaporated under reduced pressure, and the obtained residue was 
recrystallized from ethyl acetate to give 10 g of 3-(3-(4-(2-thienyl)-4-hydroxypiperidin-1-yl)propyl)-6,7,8,9-tetrahydro- 
5H-1.2,4-triazolo[4,3-a]azepine. m.p. 162-163°C. 

Example 85 




By the same reaction and treatment as in Example 1 using 1 -aza-2-methoxy-1 -cydoheptene and 3-(4-(2- 
thienyl)piperidin-1 -yl)propylcarbohydrazide, 3-{3-<4-(2-thienyl)piperidin-1 -yl)propy1)-6,7,8,9-tetrahydro-5H-1 ,2,4-tria- 
zolo[4,3-a]azepine is obtained. 
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By the same reaction and treatment as in Example 1 using 1 -aza-2-methoxy-1 -cycloheptene and 3-(4-(2-thienyi)- 
1 ,2,3,6-tetrahydropyridin-l -yl)propylcarbohydrazide and then by a conventional treatment using maleic acid, 3-(3-(4-(2- 
thieny1)-1 ,2,3,6-tetrahydropyridin-l -yOpropylJ-ej.S.S-tetrahydro-SH-l ,2,4-triazolo[4,3-a]azepine dimaleate was 
obtained, m.p. 166-167°C. 

Example 87 




By the same reaction and treatment as in Example 1 using 1 -aza-2-methoxy-1 -cycloheptene and 3-(4-(5-chloro-2- 
thienyl)piperidin-1 -yl)propylcarbohydrazide, 3-(3-(4-(5-chloro-2-thienyl)piperidin-1 -yl)propyl)-6, 7,8,9-tetrahydro-5H- 
l^^-triazoloKS-aJazepine is obtained. 

Example 88 




By the same reaction and treatment as in Example 1 using 1 -aza-2-methoxy-1 -cycloheptene and 3-(4-(5-chloro-2- 
thienyl)-1 ,2,3,6-tetrahydropyridin-1 -yl)propylcarbohydrazide, 3-(3-(4-{5-chloro-2-thienyl)-1 ,2,3,6-tetrahydropyridin-l - 
y0propyl)-6,7,8,9-tetrahydro-5H-1,2,4-tria2olo[4,3-a]azepine is obtained. 
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Example 89 



5 



10 




15 

By the same reaction and treatment as in Example 48 using cycloheptanone oxime and ethyl 4-(4-(4-chlorophe- 
ny1)piperidin-1-yl)-n-butyrate. 3-(3^4K4^hlorophenyl)piperidin-1-yl)propy^ 
zole is obtained. 

20 Example 90 



25 



30 




CI 



35 By the same reaction and treatment as in Example 48 using cycloheptanone oxime and ethyl 4-(4-(4-chlorophenyl)- 
1 ,2,3,6-tetrahydropyridin-1 -yl)-n-butyrate, 3-(3-(4-(4-chlorophenyl)-1 ,2,3,6-tetrahydropyridin-1 -yi)propyl)-5.6,7,8-tet- 
rahydro-4H-cyclohepta[clisoxazole is obtained. 

Example 91 

40 



45 




50 



To a solution of 6,7.8,9-tetrahydro-5H-imidazo[1 ,2-a]azepine in acetonltrile are added aqueous formaldehyde solu- 
55 tion and 2,2-dimethyl-1,3-dioxane-4,6-dione with stirring and the mixture is heated for 4 hours. After the completion of 
the reaction, the reaction mixture is poured into water and the mixture is extracted with chloroform, washed with water, 
and dried over magnesium sulfate. The solution is concentrated under reduced pressure and the resulting 2,2-dimethyl- 
5-(6.7,8,9-tetrahydro-5H-imidazo[1,2^]azepin-3-ylmethyl)-1.3Klioxane^,6-dione is dissolved in pyridine with stirring. 
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Water and copper powder are added and the mixture is ref luxed under heating for 3 hours. After the completion of the 
reaction, the reaction mixture is filtered while it is hot and the solvent is evaporated under reduced pressure to give 3- 
(6.7.8.9-tetrahydro-5H-imidazo[1.2-a]azepin-3-yl)propionic acid. To a solution of this compound in dimethytformamide 
are added 4-(4-chlorophenyl)piperidine, triethylamine and cyanophosphonic acid diester and the mixture is stirred at 
5 room temperature. After the completion of the reaction, the reaction mixture is poured into water and the mixture is 
extracted with chloroform, washed with water, and dried over magnesium sulfate. The solution is concentrated under 
reduced pressure and the resulting 1-(4^4-chlorophenyl)piperidin-1-yl)-3-(6.7^ 

3-yl)propan-1 -one is dissolved in tetrahydrofuran and lithium aluminum hydride is added under ice-cooling with stirring 
and the mixture is stirred at room temperature for 1 hour. After the completion of the reaction, the reaction mixture is 
10 poured into water and the mixture is extracted with chloroform, washed with water, and dried over magnesium sulfate. 
The solution is concentrated under reduced pressure and the obtained residue is subjected to silica gel column chro- 
matography to give 3-(3-(4-(4-chlorophenyl)piperidin-1 -yl)propyl)-6,7,8,9-tetrahydro-5H-imidazo[1 ,2-a]azepine. 

Example 92 

15 



20 




25 



By the same reaction and treatment as in Example 91 using 6,7,8,9-tetrahydro-5H-imidazo[1,2-a]azepine, 2,2- 
dimethyl-1 ,3-dioxane-4,6-dione and 4-(4-chlorophenyl)-1,2,3,6-tetrahydropyridine, 3-(3-(4-(4«chlorophenyl)-1,2,3,6-tet- 
ao rahydropyridin-1 -yl)propyO-6.7.8,9-tetrahydro-5H-imidazo[1 ,2-a]azepine is obtained. 

Example 93 



35 



40 




45 

By the same reaction and treatment as in Example 91 using 6,7,8.9-tetrahydro-5H-imidazo[1,2-a]azepine. 2,2- 
dimethyl-1 ,3-dioxane-4,6-dione and 1 -(4-chlorophenyl)piperazine, 3-(3-(4-(4-chlorophenyl)piperazin-1 -yl)propyl)- 
6,7,8,9-tetrahydro-5H-imidazo[1,2-a]azepine is obtained. 

50 
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Example 94 



5 



10 




15 

To a solution of 1-morpholino-1-cycloheptene in chloroform are added triethylamine and 4-(4-(4-chlorophenyl)pip- 
eridin-1-yl)butanoyl chloride with stirring and the mixture is stirred at room temperature. After the completion of the 
reaction, the reaction mixture is poured into water and extracted with chloroform, and the extract is washed with water 

20 and dried over magnesium sulfate. The solution is concentrated under reduced pressure. To a mixed solution of the 
obtained 2-(4-(4-(4-chlorophenyl)piperidin-1-yl)butanoyl)cycloheptanone in chloroform and methanol is added hydra- 
zine monohydrate with stirring and the mixture is stirred at room temperature for 6 hours. After the completion of the 
reaction, the reaction mixture is poured into water and the mixture is extracted with chloroform, washed with water and 
dried over magnesium sulfate. The solution is concentrated under reduced pressure and the obtained residue is sub- 

25 jected to silica gel column chromatography to give 3-(3-(4-(4-chlorophenyl)piperidin-1 -yOpropyO^AS.e.T.S-hexahydro- 
cycloheptapyrazole. 

Example 95 

30 H 



35 




40 



By the same reaction and treatment as in Example 94 using 1-morpholino-l-cycloheptene and 4-(4-(4-chlorophe- 
45 nyl)-1 ,2,3,6-tetrahydropyridin-1 -yljbutanoyl chloride, 3-(3-(4-(4-chlorophenyl)-1 ,2,3,6-tetrahydropyridin-1 -yl)propyl)- 
2,4,5,6, 7,8-hexahydrocycloheptapyrazole is obtained. 



50 



55 
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Example 96 



H 




By the same reaction and treatment as in Example 94 using 1-morpholino-1-cycloheptene and 4-(4-(4-ch!orophe- 
ny1)piperazin-1 -yl)butanoyl chloride, 3-(3-(4-(4-chlorophenyl)piperazin-1 -yQpropyi)-2 A5.67.8-hexahydrocycloheptapy- 
razole is obtained. 

Example 97 




By the same reaction and treatment as in Example 48 using cyclohexanone oxime and ethyl 4-(4-(4-chlorophe- 
nyl)piperidin-1-yl)-n-butyrate, 3-(3-(4-(4-chlorophenyl)piperidin-1-yl)propyl)-4 t 5,6 f 7-tetrahydrobenzo[c]isoxazole is 
obtained. 

Example 98 




By the same reaction and treatment as in Example 48 using cyclohexanone oxime and ethyl 4-(4-(4-chlorophenyl)- 
1 ,2,3,6-tetrahydropyridin-l -yl)-n-butyrate, 3-(3-(4-(4-chlorophenyl)-1 ,2 ( 3,6-tetrahydropyridin-1 -yl)propy»)-4,5,6,7-tet- 
rahydrobenzo[c]isoxazole is obtained. 
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Example 99 



5 



10 




is To a solution of 3-(imidazo[1 ,2-a]pyridin-3-yl)propionic acid (4 g) synthesized according to the method described in 
Japanese Patent Unexamined Publication No. 189179/1983, 1-(4-chlorophenyl)piperazine hydrochloride (4.9 g) and tri- 
ethylamine (5.9 ml) in dimethylformamide was added dropwise diethyl cyanophosphate (3.8 ml) under ice-coo!ing with 
stirring, and the mixture was stirred for 3 hours. After the completion of the reaction, the reaction mixture was concen- 
trated, extracted with chloroform, washed with water and dried over magnesium sulfate. The solution was concentrated 

20 under reduced pressure, and lithium aluminum hydride was added to a solution of the obtained 4-(4-chlorophenyl)-1- 
(3-(imidazo[1,2-a]pyridin-3-yl)propionyl)piperazine in tetrahydrofuran under ice-cooling with stirring, and the mixture 
was stirred at room temperature for 1 hour. After the completion of the reaction, the reaction mixture was treated with a 
mixed solvent of water-tetrahydrofuran and filtered through celrte. The filtrate was concentrated under reduced pressure 
the obtained residue was subjected to silica gel column chromatography to give 3-{3-<4-{4-chlorophenyQpiperazin-1- 

25 yl)propyl)imidazo[1 ,2-a]pyridine. This compound was dissolved in a mixture of ethanol (20 ml) and cone, hydrochloric 
acid (20 ml) and reduced in the presence of 10% palladium-carbon (1 g) in an autoclave at 70°C and 50 atm. After the 
completion of the reaction, the reaction mixture was filtered through celite. The filtrate was concentrated under reduced 
pressure and the obtained residue was subjected to silica get column chromatography to give 3-(3-(4-(4-chlorophe- 
nyl)piperazin-1 -yl)propyl)-5,6.7,8-tetrahydroimidazo[1 ,2-a]pyridine, m.p. 95-97°C (m.p. as oxalate). 

30 

Example 100 



35 



40 




45 In the same manner as in Example 99 except that 4-(4-chlorophenyl)-1 ,2,3,6-tetrahydropyridine is used instead of 
1 -(4-chlorophenyl)piperazine, 3-(3-(4-(4-ch!orophenyl)-1 ,2,3,6-tetrahydropyridin-1 -yl)propyl)-5,6,7,8-tetrahydroimi- 
dazo[1 ,2-a]pyrkJine is obtained. 

50 
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5 



10 




15 

In the same manner as in Example 99 except that 4-(4-chIorophenyl)piperidine is used instead of 1 -(4-chlorophe- 
nyl)piperazine, 3-(3-(4-(4-chlorophenyl)piperidin-1 -yl)propyl)-5,6.7,8-tetrahydroimidazo[1 ,2-a]pyridine is obtained. 

Example 102 

20 



25 




30 



35 To a solution of 3-(4,5,6,7-tetrahydro-2H-indazol-3-yl)propionic acid (0.7 g) obtained in Starting Material Synthesis 
Example 1 ,4-(4-chlorophenyl)piperidine (0.7 g) and triethylamine (1.7 ml) in dimethyiformamide (10 ml) was added 
dropwise diethyl cyan ophosp hate (0.7 ml) with stirring, and the mixture was stirred for 3 hours. After the completion of 
the reaction, the reaction mixture was concentrated, extracted with chloroform, washed with water, and dried over mag- 
nesium sulfate. The solution was concentrated under reduced pressure, and lithium aluminum hydride was added to a 

40 solution of the obtained 4-(4-chlorophenyO-1-(3-(4,5,6,7-tetrahydro-2H-indazol-3-yl)propionyl)piperidine in tetrahydro- 
furan under ice-cooling with stirring, which was followed by stirring at room temperature for 1 hour. After the completion 
of the reaction, the reaction mixture is treated with a mixed solvent of water-tetrahydrofuran and filtered through celite. 
The filtrate is concentrated under reduced pressure, the obtained residue is subjected to silica gel column chromatog- 
raphy to give 3-(3-(4-(4-chlorophenyl)piperidin-1 -yl)propyO-4,5,6,7-tetrahydro-2HHndazole. 

45 
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Example 103 




In the same manner as in Example 102 using 4-(4-chlorophenyl)-1,2,3.6-tetrahydropyridine instead of 4-(4-chlo- 
rophenyl)piperidine. 3-(3-(4-(4-chlorophenyl)-1 ,2,3.6-tetrahydropyridin-1 -yl)propyl)-4,5.6.7-tetrahydro-2H-inda2ole was 
obtained. 

1 H-NMR(CDa 3 ) 6 : 1.67-1.85(4H,m), 1.89(2H,tt.J=6.7Hz), 2.35-2.47(2H,m), 2.5 2(2H,t.J=7Hz), 2.53-2.71 (6H,m), 
2.71(2H,t,J=6Hz) ( 3.12-3.22(2H,m), 7.21-7.36 (4H,m) 

Example 104 




1A0 hydrate 



In the same manner as in Example 102 using 1 -(4-chlorophenyl)piperazine instead of 4-(4-chloropheny1)ptperidine, 
3-(3-(4-(4K;hlorophenyl)piperazin-1-yl)propyl)-4,5 l 67-tetrahydro-2H-indazole 1/10 hydrate was obtained, m.p. 109- 
111°C. 

Example 105 




By the same reaction and treatment as in Example 48 using cyclohexanone oxime and ethyl 4 -(4-(4-methytphe- 
nyl)piperazin-1 -yl)-n-butyrate. 3-(3-(4-(4-methylphenyl)piperazin-1 -yl)propy0-4.5,6,7-tetrahydrobenzo[c]isoxazole is 



75 



obtained. 
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Example 106 




By the same reaction and treatment as in Example 48 using cycloheptanone oxime and ethyl 5-(4-(4-f litorophe- 
nyl)piperazin-1 -yl)-n-valerate and then by a conventional treatment using hydrochloric acid, 3-(4-(4-(4-ftuorophenyl)pip- 
era2in-1-yl)butyl)-5.6.7,8-tetrahydro-4H-cycloheptaIc]isoxa2ole hydrochloride was obtained, m.p. 174-175°C. 

Example 107 




By the same reaction and treatment as in Example 48 using tetrahydro-4H-pyran-4-one oxime and ethyl 4-(4-(4- 
fluorophenyl)piperazin-1-yl)-n-butyrate, 3<3-(4-(4-fluorophenyl)piperazin-1-yl)pro^ 
xazole is obtained. 
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Example 108 




By the same reaction and treatment as in Example 48 using cydoheptanone oxime and ethyl 4-(4-(4-fluorophe- 
nyl)piperazin-1-yl)-n-biityrate, 3-(3-(4-(4-fluorophenyl)piperazin-1-yl)propyl)-5,6,7,8-tetrahydro-4H-cyclohepta[c]isoxa- 
zole is obtained. 

Example 109 




By the same reaction and treatment as in Example 91 using 6,7,8,9-tetrahydro-5H-imidazo[1.2-a]azepine, 2,2- 
dimethyl-1 ,3-dioxane-4,6-dione and 1 -(4-fluorophenyl)piperazine, 3-(3-(4-(4-fluorophenyl)piperazin-1-yl)propyl)- 
6,7,8,9-tetrahydro-5H-imidazo[1 ,2-a]azepine is obtained. 

Example 110 




By the same reaction and treatment as in Example 1 using 1-aza-2-methoxy-1-cycloheptene and 3-(4-(4-fluoroph- 
enyl)-1 f 2,3,6-tetrahydropyridin-1 -yl)propylcarbohydrazide, 3-(3-(4-(44luorophenyl)-1 ,2,3,6-tetrahydropyridin-1-y0pro- 
pyl)-6 t 7,8,9-tetrahydro-5H-1 l 2 l 4-triazolo[4,3-a]azepine is obtained. 
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By the same reaction and treatment as in Example 1 using 1-aza-2-methoxy-1-cycloheptene and 3-(4-(4-fluoroph- 
enyl)piperidin-1 -yl)propylcarbohydrazide, 3-(3-(4-(4-f luorophenyl)piperidin-1 -yl)propyl)-6.7.8,9-tefrahydro-5H-1 ,2,4-tri- 
azolo[4,3-a]azepine is obtained. 

Example 112 




By the same reaction and treatment as in Example 1 using 1-aza-2-methoxy-1-cycloheptene and 2-(4-(5-methyl- 
benzo[b]furan-3-yl)piperidin-1-yl)ethylcarbohydrazide and then by a conventional treatment using hydrochloric acid, 3- 
(2-(4-(5-methylbenzo[b]furan-3-yl)piperidin-1-^ hydrochloride 
was obtained, m.p. 226°C (decomposition). 

Example 113 




In the same manner as in Example 99 except that 1 -(4-f luorophenyi)piperazine was used instead of 1-(4-chloroph- 
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enyl)piperazine. 3-(3-(4-(4-fluorophenyOpiperazin-1-yl)propyl)-^^ was obtained, 

m.p. 106-108°C. 

Example 114 




In the same manner as in Example 99 except that 1 -(4-methylphenyI)piperazine is used instead of 1 -(4-chlorophe- 
nyl)piperazine, 3-(3-(4-(4-methylphenyl)piperazin-1 -y0propyl)-5,6,7,8-tetrahydroimidazoI1 ,2-a]pyridine is obtained. 

Example 115 




tn the same manner as in Example 99 except that 1 -phenylpiperazine is used instead of 1 -(4-ch1orophenyl)pipera- 
zine, 3-(3-(4-phenylpiperazin-1 -yl)propyi)-5,6.7,8-tetrahydroimidazo[1 ,2-a]pyridine is obtained. 

Example 116 




In the same manner as in Example 102 except that 1-(4-fluoropheny1)piperazine was used instead of 4-<4-chlo- 
rophenyl)piperidine, 3-(3-(4-(4-fluorophenyl)piperazin-1^ was obtained, m.p. 

106-108°C. The compound was converted to an acid addition salt of maleic acid to give 3-(3-(4-(4-fluorophenyl)piper- 
azin-1-yl)propyl)-4,5,6,7-tetrahydro-2H-indazole maieate, m.p. 141-142°C. The compound was converted to an acid 
addition salt of hydrochloric acid to give 3-(3-(4-(44luorophenyl)piperazin-1-y0pro 
hydrochloride, m.p. 210-21 1 °C; 
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15 

In the same manner as in Example 102 except that 1 -(4-methylphenyl)piperazine was used instead of 4-(4-chlo- 
rophenyl)piperidine and then by a conventional treatment using maieic acid, 3-(3-(4-(4-methylphenyl)piperazin-1 -^pro- 
pyl) -4.5,6, 7-tetrahydro-2 H-indazole maleate was obtained, m.p. 144-146°C. 

20 Example 118 



25 



30 




35 In the same manner as in Example 1 02 except that 1 -phenylpiperazine was used instead of 4-(4-chloropheny!)pip- 
eridine, 3-(3-(4-phenylpiperazin-1-yl)propyi)-4,5,6,7-tetrahydro-2H-inda2ole was obtained, m.p. 92-94°C. The com- 
pound was converted to an acid addition salt of maieic acid to give 3-(3-(4-phenyIpiperazin-1-yl)prcpyl)-4,5,6,7- 
tetrahydro-2H-indazole maleate, m.p. 123-125°C. 

40 Example 119 



45 



50 




55 In the same manner as in Example 102 except that 1-(4-bromophenyl)piperazine was used instead of 4-(4-chlo- 
rophenyl)piperidine. 3-(3K4^445romcx3henyl)piperazirv1-yl)propyO-4^ 1/4 hydrate was 

obtained, m.p. 145-147°C. 
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Example 120 




In the same manner as in Example 102 except that 1 -(3-trifluoromethylpheny!)piperazine was used instead of 4-(4- 
chlorophenyl)piperidine, 3-(3-(4-(3-trrfluoromethylphenyl)p^ was 
obtained. 

^-NMRfCDCy 6 : 1.68-1.94(6H,m) ( 2.36-2.53(4H,m), 2.58-2.74(8H,m), 3.27(4 H,t.J=5Hz), 7.01-7.17(3H,m), 
7.33(1 H,t,J=8Hz) 

Example 121 



H 




In the same manner as in Example 1 02 except that 1 -(2-chlorophenyl)piperazine was used instead of 4-(4-chJo- 
rophenyl)piperidine, 3-(3-(4-(2-chlorophenyl)piperazin-1 -yl)propyO-4,5 P 6,7-tetrahydro-2H-indazole was obtained. 
1 H-NMR(CDCI 3 ) 6 : 1.66-1.92(6H,m). 2.32-2.45(4H,m), 2.55-2.65(8H,m), 3.12-3.20(4H,m), 6.98(1H,dt.J=1.8Hz), 
7.07(1 H,dd,J=2,8Hz), 7.21(1H,dt,J=1,8Hz), 7.34 (1H,dd.J=1 t 8Hz) 

Example 122 




CI 



In the same manner as in Example 102 except that 1 -<2.5-dichlorophenyl)piperazine was used instead of 4-(4-chlo- 
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rophenyl)piperidine, 3-(3-(4-(2,5-di(*lorophenyl)piperazin-1-yl)propy^ was obtained. 

1 H-NMR(CDCl3) 6 : 1.65-1.90(6H,m), 2.32-2.44(4H,m), 2.52-2. 73(8H,m), 3.08-3.22(4H,m), 6.95(1 H,dd,J=2,9Hz). 
7.02(1 H,d,J=3Hz). 7.25(1 H,d.J=9Hz) 

Example 123 



H 




In the same manner as in Example 102 except that 1 -(3-chlorophenyl)piperazine was used instead of 4-(4-chlo- 
rophenyl)piperidine, 3-(3-(4-(3^hloropheny0piperazin-1-yl)propyl)-4,5,6J-tetrariydro-2H-indazole was obtained. 
1 H-NMR(CDCl3) 6 : 1.68-1 .94(6H,m), 2.38-2.55(4H,m), 2.58-2.65(8H.m), 3.23-3.27(4H,m), 6.79(1 H,dt,J=2,8Hz), 
6.87(1 H,d.J=2Hz), 7.15(1 H,t,J=8Hz) 

Example 124 




In the same manner as in Example 102 except that 1 -(5,6.7, 8-tetrahydronaphthalen-1-yl)piperazine was used 
instead of 4-(4-chloropheny1)piperidine, 3-(3-(4-(5,6,7,8-tetrahydronaprrthalen-1-yl)pi^ 
rahydro-2H-indazole was obtained. 

1 H-NMR(CDCl3) 6 : 1.75-1. 92(1 0H,m), 2.41-2.52(4H,m), 2.62-2.78(12H,m), 2.94-2.97(4H,m), 6.83(1 H,d,J=7Hz), 
6.89(1 H,d.J=7Hz), 7.08(1 H.t. J=8Hz) 
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Example 125 




In the same manner as in Example 102 except that 1 -{3,4-dichlorophenyi)piperazine was used instead of 4-(4-chlo- 
rophenyl)piperidine, 3-(3-(4-(3,4-dichlorophenyl)piperazin-1 -yl)propylM,5,6 J-tetrahydro-2H-indazole was obtained. 
1 H-NMR(CDCI 3 ) 6 : 1.68-1. 94(6 H,m), 2.33-2.51 (4H,m), 2.53-2.70(8H,m), 3.19(4 H,t,J=5Hz), 6.72(1 H,dd,J=3. 9Hz), 
6.94(1 H,d,J=3Hz), 7.25(1 H,d,J=9Hz) 

Example 126 




In the same manner as in Example 102 except that 1-(2-methoxyphenyl)piperazine was used instead of 4-(4-chlo- 
rophenyljpiperidine. 3-(3-(4-(2-methoxyphenyl)piperazin-1 -yl)propyl)-4,5,6,7-tetrahydro-2H-indazole was obtained. 
1 H-NMR(CDQ 3 ) 6 : 1.68-1.90(6H,m), 2.38-2.50(4H,m), 2.55-2.68(8H,m), 3.19-3.25(4H,m), 3.86(3H,s), 6.84- 
7.04(4H,m) 

Example 127 




In the same manner as in Example 102 except that 1-(2-naphthyl)piperazine obtained in Starting Material Synthe- 
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sis Example 2 was used instead of 4-(4-chlorophenyl)piperidine, 3-(3-(4-(2-naphthyi)piperazin-1-yi)prq3yI)-4,5 l 6 i 7-tet- 
rahydro-2H-indazole was obtained. 

1 H-NMR(CDCl3) 6 : 1.73-2.10(6H,m), 2.41-2.52(4H,m). 2.55-2.70(8H,m), 3.10-3.25(4H,m), 7.13(1 H.d,J=2Hz), 7.24- 
7.31 (2H.m), 7.37-7.42(1 H,m), 7.73(3H,t,J= 8Hz) 

Example 128 




In the same manner as in Example 102 except that 1-(3-methoxyphenyt)piperazine was used instead of 4-(4-chlo- 
rophenyf)piperidine, 3-(3-(4-(3-methoxyphenyl)piperazin-1 -yl)propyl)-4,5,6,7-tetrahydro-2H-indazole was obtained. 
1 H-NMR(CDCI 3 ) 6 : 1.70-1 .91 (6H.ni), 2.40-2. 48(4H,m), 2.59-2.66(8H,m) t 3.21-3.26(4H,m), 3.78(3H,s), 
6.41(1H,dd.J=2Hz,8Hz), 6.46(1 H,t,J=2Hz), 6.53(1 H.dd.J= 2Hz,8Hz). 7.16(1 H,t,J=8Hz) 

Example 129 




(n the same manner as in Example 1 02 except that 4-(6-f luoro-1 ,2-benzoisoxazol-3-yl)piperidine was used instead 
of 4-(4-chlorophenyl)piperidine. 3-(3-(4-(6^fluoro-1 ,2-benzoisoxazol-3-yl)piperidin-1-yl)propyl)-4,5,6,7-tetrahydro-2H- 
indazole monohydrate was obtained, m.p. 124-126°C. 
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In the same manner as in Example 102 except that 1-(1-naphthyl)piperazine was used instead of 4-(4-chlorophe- 
nyl)piperidine, 3-(3-(4-(1-naphthyl)piperazin-1-yl)propyl)-4,5,6,7-tetrahydro-2H-inda20le was obtained. 
1 H-NMR(CDa 3 ) 6 : 1.65-1.91(6H,m), 2.35-2.52(4H,m), 2.55-2.70(8H,m), 3.00-3. 12(4H,m) t 7.14(1H,d,J=7Hz), 
7.40(1 H,t,J=8Hz), 7.45-7.50(2H,m), 7.58(1H t d.J= 8Hz), 7.81 -7.85(1 H,m), 8. 12-8.1 5(1 H,m) 

Example 131 




In the same manner as in Example 102 except that 1-(5-methy1benzo[b]furan-3-yt)piperidine was used instead of 
4-(4-chlorophenyl)piperidine, 3-(3-(4-(5-metbylbenzo[b]furan-3-yl)pipe^ 
was obtained. 

1 H-NMR(CDCI 3 ) 6 : 1.70-1 .98(6H,m), 2.04-2.39(6H,m), 2.36-2.55(4H,m), 2.45(3 H,s), 2.58-2.72(4H,m), 3.01- 
3.22(3H,m), 7.12(1H,d,J=9Hz), 7.42(1 H,d,J=9Hz), 7.54 (1H t s), 7.78(1H,s) 
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In the same manner as in Example 102 except that 2-(4,5,6.7-tetrahydro-2H-inda2ol-3-yl)acetic acid obtained in 
Starting Material Synthesis Example 2 and 1-(4-fluorophenyf)piperazine were used instead of S-^.S.e^-tetrahydro^H- 
indazol-3-yl)propionic acid obtained in Starting Material Synthesis Example 1 and 4-(4-chlorophenyl)piperid!ne, 3-<2-(4- 
(4-fluorophenyl)pipera2in-1-yi)ethyl)-4,5 l 6,7-tetrahydro-2H-indazole is obtained. 

Example 133 




In the same manner as in Example 102 except that 4-(4,5 i 6.7-tetrahydro-2H-inda20l-3-yl)-n-butyric acid obtained 
in Starting Material Synthesis Example 3 and 1-(4-fluorophenyi)piperazine were used instead of 3-(4,5.6,7-tetrahydro- 
2H-indazol-3-yl)propionic acid obtained in Starting Material Synthesis Example 1 and 4-(4-chloropheny1)piperidine, 3- 
(4-(4-(4-fluorophenyl)piperazin-1 -yl)butyl)-4,5,6,7-tetrahydro-2H-indazole was obtained. 
1 H-NMR(CDCl3) 6 : 1.52-1.83(8H,m), 2.35-2.44(4H,m), 2.57-2.6S(8H J m), 3.11-3.15(4H.m), 6.83-6.99(4H,m) 
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Example 134 




dihydrochbride dihydrate 



In the same manner as in Example 102 except that 3-(2,4,5,6-tetrahydrocyclopentapyrazol-3-yl)propionic acid 
obtained in Starting Material Synthesis Example 4 and 1 -(4-f !uoropheny1)piperazine were used instead of 3-(4,5,6,7-tet- 
rahydro-2H-indazol-3-yl)propionic acid obtained in Starting Material Synthesis Example 1 and 4-(4-chlorophenyi)pipe- 
ridine and then by a conventional treatment using hydrochloric acid, 3-(3-(4-(4-fluorophenyl)piperazin-1-yl)propyl)- 
2,4,5,6-tetrahydrocyclopentapyrazole dihydrochloride dihydrate was obtained, m.p. 228«230°C. 

Example 135 




In the same manner as in Example 102 except that 3-(2,4,5,6-tetrahydrocydopentapyrazol-3-yl)propionic acid 
obtained in Starting Material Synthesis Example 4 and 1 -(4-methylphenyl)piperazine were used instead of 3-(4,5,6,7- 
tetrahydro-2H-indazol-3-yl)propionic acid obtained in Starting Material Synthesis Example 1 and 4-(4-chlorophenyl)pip- 
eridine, 3-(3-(4-(4-methylphenyl)piperazirv1-yl)propyl)-^^ was obtained, m.p. 101- 

102°C. 
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5 



10 




In the same manner as in Example 102 except that 3-(2,4,5,6 > 7 1 8-hexahydrocycloheptapyrazol-3-yl)propionic acid 
obtained in Starling Material Synthesis Example 5 and 1 -(4-f luorophenyl)piperazine were used instead of 3-(4,5.6.7-tet- 
rahydro-2H-indazo1-3-y1)propionic acid obtained in Starting Material Synthesis Example 1 and 4-(4-chlorophenyi)pipe- 
20 ridine, 3-(3-(4-(4-f luorophenyl)piperazin-1 -yl)propyl)-2,4,5,6,7,8-hexahydrocycloheptapyrazole was obtained. 

1 H-NMR(CDCI 3 ) 6 : 1.57-1.70(4H,m), 1.77-1 .87(4H,m), 2.43-2.48(4H,m), 2.61-2.66(6H.m) t 2.70-2.75(2H f m) ( 3.14- 
3.18(4H,m), 6.84-7.00(4H.m) 

Example 1 37 



30 




40 In the same manner as in Example 102 except that 3-(2,4,6,7-tetrahydropyrano[4,3-c]pyra2ol-3-yl)propionic acid 
obtained in Starting Material Synthesis Example 6 and 1-(4-fluorophenyl)piperazine were used instead of 3-(4,5,6,7-tet- 
rahydro-2H-ircJazol-3-yl)propionic acid obtained in Starting Material Synthesis Example 1 and 4-<4-chlorophenyl)pipe- 
ridine, 3-(3-(4-(44luorophenyl)piperazin-1-yl)prc^ was obtained. 

1 H-NMR(CDCl3) 6 : 1 .85(2H,tt,J=6 l 6Hz) f 2.48(2 H.t, J =7Hz), 2.57-2.71 (6H,m), 2.78 (2H,t,J=6Hz), 3.18(4H t t,J=5Hz), 

45 3.93(2H,t,J=6Hz), 4.65(2H,s), 6.82-7.01 (4H,m) 
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Example 138 



H 




In the same manner as in Example 102 except that 3-(2 t 4,6,7-tetrahydrothiopyrano[4,3-c]pyra2ol-3-y0propionic 
acid obtained in Starting Material Synthesis Example 7 and 1-(4-fluorophenyi)piperazine were used instead of 3- 
(4.5 f 6.7-tetrahydro-2H-inda2ol-3-yl)propionic acid obtained in Starting Material Synthesis Example 1 and 4-{4-chlo- 
rophenyl)piperidine, 3-(3^4-(4-fluorophenyl)piperazin-1-^ was 
obtained, m.p. 110-111°C. 

Example 139 




In the same manner as in Example 102 except that 3-(5-benzoyl-4,5,6,7-tetrahydro-2H-pyrazolo[4,3-c]pyridin-3- 
yl)propionic acid obtained in Starting Materia) Synthesis Example 8 and 1 -(4-f luorophenyi)piperazine were used 
instead of 3-(4,5,6,7-tetrahydro-2H-irKJazo1-3-yl)propionic acid obtained in Starting Material Synthesis Example 1 and 
4-(4-chlorophenyt)piperidine, 5-beiizy1-3-(3-(4-(4-fluorophenyl)piperaan-1-y^ 
zolo[4,3-c] pyridine was obtained. 

1 H-NMR(CDCI 3 ) 6 : 1 .82(2H,tt,J=7,7Hz), 2.46(2H f t,J=7Hz), 2.55-2.67(6H,m), 2.77 (4H,s), 3.12-3.20(4H,m), 3.44(2H.s), 
3.72(2H,s). 6.82-6.98(4H,m), 7.21-7.40(5 H,m) 
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Example 140 




In the same manner as in Example 102 except that 3-(5-benzoyl -4,5,6. 7-tetrahydro-2 H-pyrazolo[4,3-c]pyridin-3- 
yQpropionic acid obtained in Starting Material Synthesis Example 8 and 1 -(4-chIorophenyl)piperazine were used 
instead of 3-(4,5,6,7-tetrahydro-2H-indazol-3-yl)propionic acid obtained in Starting Material Synthesis Example 1 and 
4-(4-chlorophenyl)piperidine, 5-benzyl-3-(3-(4-(4K;hlorophenyl)piperazirv1-^ 
zolo[4,3-c]pyridine was obtained. 

1 H-NMR(CDCI 3 ) 6 : 1 .82(2H 1 tt,J=7,7Hz), 2.45(2H,t,J=7Hz), 2.52-2. 66(6H,m), 2.76 (4H,s), 3.14-3.24(4H,m), 3.43(2H,s), 
3.72(2H.s), 6.84(2H,t.J=9Hz). 7.19(2H,t,J= 9Hz), 7.21-7.40(5H,m) 

Example 141 




5-Benzyl-3-(3-(4-(4-fluorophenyl)piperazin-1^ (0.5 g) 

obtained in Example 139 was dissolved in ethanol (10 ml), and Raney nickel (0.2 g) was added to perform catalytic 
reduction. After the completion of the reaction, the reaction mixture was filtered through celrte and the filtrate was con- 
centrated under reduced pressure. The obtained residue was subjected to silica gel column chromatography to give 3- 
(3-(4-(4-fluorophenyl)piperaz«n-1-yl)pr^ 

1 H-NMR(CDCI 3 ) 6 : 1.86(2H,tt,J=7,6Hz), 2.45(2H,t,J=7Hz). 2.55-2.66(4H,m), 2.89 (2H,t,J=:6Hz), 3.00-3.14(6H,m), 
3.16-3.23(2H,m). 3.76(2H,s), 6.81-6.98(4H,m) 
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Example 142 




3-(3-(4-(4-Fluorophenyl)piperazin-1^ (0.3 g) obtained in 

Example 1 41 was dissolved in a mixed solution of chloroform (5 ml) and saturated aqueous sodium hydrog encarbonate 
solution (5 ml), and acetyl chloride (0.3 ml) was added dropwise under ice-cooling. After the dropwise addition, the chlo- 
roform layer was partitioned and dried over magnesium sulfate. The solvent was evaporated under reduced pressure 
and the obtained residue was subjected to silica gel column chromatography to give 5-acety1-3-(3-(4-(4-fluorophe- 
nyl)piperazin-1-yl)propyl) -4,5,6, 7-tetrahydro-2H-pyrazolo[4,3-c]pyrkJine. 

Example 143 

H 3 C \ 




In the same manner as in Example 102 except that 3-(4,5,6,7-tetrahydro-2-methyl-2H-inda2ol-3-yl)propionic acid 
obtained in Starting Material Synthesis Example 9 and 1 -(4-f luorophenyl)piperazine were used instead of 3-(4,5,6,7-tet- 
rahydro-2H-indazol-3-yl)propionic acid obtained in Starting Material Synthesis Example 1 and 4-(4-chloropheny1)pipe- 
ridine, 3-(3-(4-(4-fluorcphenyl)piperazin-1-yl^ was obtained. 

1 H-NMR(CDCI 3 ) 6 : 1.69-1.82(6H,m), 2.37-2.45(4H,m), 2.57-2.65(8H,m), 3.10-3.14(4H,m), 3.75(3H,s), 6.83- 
6.99(4H,m) 
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Example 144 



H 3 C X 




In the same manner as in Example 102 except that 3-(4,5 l 6,7-tetrahydro-2-methyl-2H-indazol-3-yl)propionic acid 
obtained in Starting Material Synthesis Example 9 and 1 -(4-chlorophenyl)piperazine were used instead of 3-(4,5,6.7- 
tetrahydro-2H-indazol-3-yl)propionic acid obtained in Starting Material Synthesis Example 1 and 4-(4-chIorophenyl)pip- 
eridine, 3-(3-(4-(4<hlorophenyl)piperazin-1-yl)propyl)^,5.6J-tetrahydro-2^ethyl-2H-indazole was obtained. 
1 H-NMR(CDCI 3 ) 6 : 1.76(6H,m), 2.42(4H,m), 2.56-2.65{8H,m), 3.18(4H,m), 3.76(3 H,s), 6.83(2H,d. J=7Hz), 7.18(2H ( d, 
J=7Hz) 

Example 145 



H 3 C X 




In the same manner as in Example 102 except that 3-(4,5,6,7-tetrahydro-2-methy1'2H-indazol-3-yl)propionic acid 
obtained in Starting Material Synthesis Example 9 and 1 -(4 -methyl phenyl )piperaz in e are used instead of 3-(4,5,6,7-tet- 
rahydro-2H-indazol«3-yl)propionic acid obtained in Starting Material Synthesis Example 1 and 4-(4-chlorophenyl)pipe- 
ridine, 4,5,6J-tetrahydro-2-methyl-3-(3-(4-(4-methylphenyl)piperazin-1-yl)propyl)-2H-ir^ is obtained. 
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10 




15 

In the same manner as in Example 102 except that 3-(4,5,6,7-tetrahydro-2-methyl-2H-fndazol-3-yl)propionic acid 
obtained in Starting Material Synthesis Example 9 and 1 -phenytpiperazine are used instead of 3-(4,5,6,7-tetrahydro- 
2H-indazol-3-yl)propionic acid obtained in Starting Material Synthesis Example 1 and 4-(4-chlorophenyl)piperidine, 
20 4,5,6, 7-tetrahydro-2-mettiyl-3-(3-(4-phenylpiperazin-1 -yl)propyl)-2H-indazole is obtained. 

Example 147 



25 



30 



35 




40 

In the same manner as in Example 102 except that 3-(4,5,6,7-tetrahydro-2-(2-pyridyl)-2H-incla20l-3-yl)propionic 
acid obtained in Starting Material Synthesis Example 10 and 1 -(4-chloropheny1)piperazine were used instead of 3- 
(4,5,6,7-tetrahydro-2H-indazol-3-y0propionic acid obtained in Starting Material Synthesis Example 1 and 4-(4-ch!o- 
45 rophenyl)piperidine, 3-(3-(4-(4K:hlorophenyl)piperazin-1-yl)pro^ was 
obtained, m.p. 101-103°C. 



50 
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In the same manner as in Example 102 except that 3-(4,5.6,7-tetrahydro-2-(2i3yriclyO-2H-lndazol-3-yl)propionic 
acid obtained in Starting Material Synthesis Example 10 and 1 -<4-f luoropheny!)piperazine are used instead of 3- 
(4,5,6, 7-tetrahydro-2H-indazol-3-yl)propionic acid obtained in Starting Material Synthesis Example 1 and 4-(4-chlo- 
rophenyl)piperidine, 3-(3-(4-(4-fluoropheny1)piperazinO-yl)p^ is 
obtained. 

Example 149 




In the same manner as in Example 102 except that 3-(4,5,6,7-tetrahydro-2-phenyl-2H-indazol-3-yl)propionic acid 
obtained in Starting Material Synthesis Example 1 1 and 1 -(4-chloropheny1)piperazine were used instead of 3-(4,5,6,7- 
tetrahydro-2H-indazol-3-yl)propionic acid obtained in Starting Material Synthesis Example 1 and 4-(4-chlorophenyl)ptp- 
eridine, 3-(3-(4-(4^hloropheny0piperazin-1-y!)pr^ was obtained, m.p. 

127-129°C. 
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Example 150 




In the same manner as in Example 102 except that 3-(4,5,6,7-tetrahydro-2-phenyl-2H-inda2ol-3-yl)propionic acid 
obtained in Starting Material Synthesis Example 1 1 and 1 -<4-f luorophenyl)piperazine are used instead of 3-(4,5,6,7-tet- 
rahydro-2H-indazol-3-yl)propionic acid obtained in Starting Material Synthesis Example 1 and 4-(4-ch!orophenyl)pipe- 
ridine, 3K3-(4-(4-fluorcpheny0piperazin-1-yl)pro is obtained. 

Example 151 



CI 




In the same manner as in Example 102 except that 3-(2-(4-chloropheny1)-4 I 5,6,7-tetrahydro-2H-indazol-3-yl)propi- 
onic acid obtained in Starting Material Synthesis Example 12 and 1 -(4-ch!orophenyl)piperazine were used instead of 3- 
(4,5,6, 7-tetrahydro-2H-indazol-3-yl)propionic acid obtained in Starting Material Synthesis Example 1 and 4-{4-chlo- 
rophenyljpiperidine, 2^4<hlorophenyl)-3-(3K4K4-chlorc^^ 

was obtained, m.p. 129-131°C. 
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Example 152 



10 



15 




20 



In the same manner as in Example 102 except that 3-{2-(4-chlorophenyl)-4 ( 5,6,7-tetrahydro-2H-inda2ol-3-yl)propi- 
onic acid obtained in Starting Material Synthesis Example 12 and 1 -(4-f luorophenyl)piperazine are used instead of 3- 
25 (4,5,6,7-tetrahydro-2H-indazol-3-yl)propionic acid obtained in Starting Material Synthesis Example 1 and 4-(4-chlo- 
rophenyf)piperidine, 2-(4-chlorcx3henyl)-3-(3-(4-(4-f!uorophen^ is 
obtained. 



30 



35 



Example 153 




45 



50 



55 



To a solution of 3-(3<hloropropionyl)-4,5 t 6,7-tetrahydro-1-mefriyl-1H-inda20le (1.0 g) obtained in Starting Material 
Synthesis Example 13 and 1-(4-chlorophenyl)piperazine hydrochloride (0.9 g) in dimethylformamide (10 ml) was added 
potassium carbonate (1.1 g) and the mixture was stirred at 60°C for 3 hours. The reaction mixture was concentrated 
and the residue was extracted with chloroform, washed with water, dried over magnesium sulfate and concentrated. 
The obtained 3-(4-(4-chlorophenyl)piperazin-1-yl)propionyl-4,5,6,7-tetrahydro-1 -methyl -1 H-indazole (0.9 g) was dis- 
solved in methanol (10 ml) and chloroform (10 ml), and sodium borohydride (0.7 g) was added under ice-cooling. After 
the completion of the reaction, the solvent was evaporated under reduced pressure and chloroform and aqueous potas- 
sium carbonate solution were added. The chloroform layer was partitioned and dried over magnesium sulfate. The sol- 
vent was evaporated under reduced pressure, and isopropyl ether was added to the obtained residue. The precipitated 
crystals were collected by filtration to give 0.9 g of crude crystals of 3-(1-hydroxy-3-(4-(4-chlorophenyl)piperazin-1- 
yl)propyl)-4,5 ( 6,7-tetrahydro-1 -methyl-1 H-indazole. 

Sodium iodide (1.5 g) was dissolved in acetonitrile (12 ml) and chlorotrimethylsilane (1.3 ml) was added at room 
temperature with stirring. The above-mentioned compound (0.6 g) was further added. The reaction mixture was 
refluxed under heating for 2 hours and cooled. An aqueous sodium sulfite solution and an aqueous potassium carbon- 
ate solution were added and the mixture was extracted with ethyl acetate. The solution was dried over magnesium sul- 
fate and the solvent was evaporated under reduced pressure. The residue was subjected to silica gel column 
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chromatography to give 3-(3-(4-(4-chlorophenyl)piperazin-1-yl)propyl)-4 f 5,6 ,7-tetrahydro-1 -methyl-1 H-indazole. 

This compound could be also obtained by the following method. That is. 4-(4-chloropheny1)-i-(4-oxo-4-(2-oxocy- 
clohexyl)butyryl)piperazine obtained by using 4-oxo-4-(2-oxocydohexyl)-n -butyric acid and 1-(4-chlorophenyf)pipera- 
zine instead of 3-{4.5,6,7-tetrahydro-2H-indazol-3-yl)propionic acid and 4-(4-chloropheny1)piperidine used in Example 
102 was refluxed under heating in a methanol solvent with methyl hydrazine. After the completion of the reaction, the 
solvent was evaporated under reduced pressure to give an oily substance. This compound was dissolved in tetrahydro- 
furan and thereto was added lithium aluminum hydride in an ice bath. After the completion of the reaction, a mixture of 
tetrahydrofuran - water was added, and then ethyl acetate and magnesium sulfate were further added. The reaction 
mixture was filtered through celite, and the solvent was evaporated under reduced pressure. The obtained residue was 
subjected to silica gel column chromatography to give 3-<3-(4-(4-chlorophenyl)piperazin-1 -y1)propyl) -4,5,6, 7-tetrahydro- 
1 -methyl- 1 H-indazole. 

1 H-NMR(CDd 3 ) 6 : 1.72(2H,m), 1.78-1 .88(4H,m), 2.38-2.64(1 2H,m), 3.16(4H,m). 3.68(3H,s), 6.83(2H,d.J=7Hz), 
7.18(2H,d,J=7Hz) 

Example 154 




In the same manner as in Example 153 except that 1 -(4-f luorophenyl)piperazine was used instead of 1-(4-chlo- 
rophenyl)piperazine, 3-<3-{4-(4-f luorophenyl)piperazin-1 -yl)propyl)-4,5,6,7-tetrahydro-1 -methyl-1 H-indazole was 
obtained. 

1 H-NMR(CDQ 3 ) 6 : 1.68-1.90(6H,m), 2.33-2.70(12H,m), 3.10-3.14(4H,m), 3.66 (3H,s), 6.83-6.98(4H > m) 
Example 155 




In the same manner as in Example 153 except that 1-(4-methylphenyl)piperazine is used instead of 1-(4-chloroph- 
enyl)piperazine, 4,5,6, 7-tetrahydroO-methyl-3-(3-(4-(4-me is obtained. 
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5 



10 




is In the same manner as in Example 153 except that 1 -phenylpiperazine is used instead of 1-(4-chlorophenyl)piper- 
azine, 4,5.6,7-tetrahydro-1 -methyl-3-(3-(4-phenylpiperazin-1 -yl)propyl)-1 H-indazole is obtained. 

Example 157 



25 




In the same manner as in Example 153 except that 3-(3-chloropropiony1)-4,5.6,7-tetrahydro-1-phenyl-2H-indazole 
obtained in Starting Material Synthesis Example 14 was used instead of 3-(3-chloropropionyl)-4,5,6,7-tetrahydro-1- 
35 methyl- 1 H-indazole obtained in Starting Material Synthesis Example 13, and then by a conventional treatment using 
maleic acid. 3-(3-(4-(4-chlorophenyl)piperazin-1 -yl)propyl)-4 f 5,6,7-tetrahydro-1 -phenyl-1 H-indazole maleate was 
obtained. In the same manner as in Example 153 except that phenylhydrazine was used instead of methylhydrazine, 
and then by a conventional treatment using maleic acid, 3-(3-(4-(4-chlorophenyl)piperazin-1 -yl)propyl) -4,5,6, 7-tetrahy- 
dro-1 -phenyl-1 H-indazole maleate, m.p. 150-151°C. 

40 

Example 158 



45 



SO 




ss In the same manner as in Example 157 except that 1-(4-fluorophenyl)piperazine is used instead of 1 -(4-chloroph- 
enyl)piperazine t 3-(3-(4-(4-fluorophenyl)piperaan-1-y^ is obtained. 
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10 




15 

In the same manner as in Example 157 except that 1-(4-methylphenyf)piperazine is used instead of 1-(4-chloroph- 
enyl)piperazine, 4,5 l 6,7-tetrahydro-1-phenyl-3-(3-(4-(4-methylphenyl)pipera2in-1-yl)propyl)-1 H-indazole is obtained. 

Example 160 

20 



25 




30 

In the same manner as in Example 157 except that 1-phenylpiperazine is used instead of 1-(4-chIorophenyl)piper- 
azine, 4,5,6 J-tetrahydro-1-phenyl-3-(3-(4-p^ is obtained. 

35 

Example 161 



40 



45 




so To a solution of 1 -benzenesulfonyl-3-(3-chloropropionyl)-4,5,6,7-tetrahydroindole (2.0 g) obtained in Starting Mate- 
rial Synthesis Example 15 and 1 -{4-chlorophenyl)piperazine hydrochloride (1.9 g) in dimethylformamide (20 ml) was 
added potassium carbonate (2.1 g) and the mixture was stirred for 3 hours at 60°C. The reaction mixture was concen- 
trated, extracted with chloroform, washed with water, dried over magnesium sulfate and concentrated. The residue [(3- 
(4-(4-chlorophenyl)piperazin-1-y0propionyi-4,5,6,7-tetrahydro-1-phenylsu^ was added to dioxane (20 ml) 

55 and 5M sodium hydroxide (20 ml), and the mixture was stirred for 20 hours at room temperature. The reaction mixture 
was extracted with ethyl acetate, dried over magnesium sulfate and concentrated under reduced pressure. The 
obtained 3-(4-(4-chlorophenyl)piperazin-1-yl)propionyl-4,5,6,7-tetrahydroindole (1.7 g) was dissolved in methanol (20 
ml) and chloroform (20 ml), sodium borohydride (1.4 g) was added thereto in an ice bath. After the completion of the 
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reaction, the solvent was evaporated under reduced pressure, and chloroform and an aqueous potassium carbonate 
solution were added and the chloroform layer was partitioned. After drying over magnesium sulfate, the solvent was 
evaporated under reduced pressure, and isopropyl ether was added to the obtained residue. The precipitated crystals 
were collected by filtration to give 1.3 g of crude crystals of 3-(1-hydraxy-3-(4-(4-chlorophenyl)pipera2in-1-yl)propy0- 

5 4,5,6,7-tetrahydroindole. 

Sodium iodide (1 .5 g) was dissolved in acetonitrile (1 2 ml) and chlorotrtmethylsilane (1.3 ml) was added with stirring 
at room temperature and the above-mentioned compound (0.6 g) was further added. The reaction mixture was refluxed 
under heating for 2 hours and cooled. An aqueous sodium sulfite solution and an aqueous potassium carbonate solu- 
tion were added and extracted with ethyl acetate. The solution was dried over magnesium sulfate and the solvent was 

w evaporated under reduced pressure. The residue was subjected to silica gel column chromatography to give 3-(3-(4-(4- 
chlorophenyl)piperazin-1-yl)propyl)-4,5,6,7-tetrahydroindole. 

Example 162 



15 



20 




25 

In the same manner as in Example 161 except that 1 -(4-f luorophenyl)piperazine is used instead of 1 -(4-chloroph- 
enyl)piperazine, 3-(3-(4-(4-fluorophenyl)piperazin-1-yl)propyl)-4,5.6.7-tetrahydroindole is obtained. 

30 Example 163 



35 




40 



In the same manner as in Example 161 except that 1 -(4-methylphenyl)piperazine is used instead of 1-(4-chloroph- 
45 enyl)piperazine, 4,5.6,7-tetrariydro-3K3-(4-(4-methylphenyQpiperazin-1-yl)propyl)indole is obtained. 



so 



55 
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Example 164 




In the same manner as in Example 1 61 except that 1 -phenylpiperazine is used instead of 1 -(4-chlorophenyl)piper- 
azine, 4 l 5,6,7-tetrahydro-3-(3-(4-phenylpiperazin-1-yl)propyl)indole is obtained. 

Example 165 




3-(3-(4-(4-Chlorophenyl)piperazin-1 -ylJpropylM.S.ej-tetrahydroindole (0.5 g) obtained in Example 161 and potas- 
sium carbonate (0.6 g) were dissolved in dimethyiformamide (10 ml) and methyl iodide (0.3 g) was added under ice- 
cooling with stirring. The reaction mixture was stirred at room temperature for 2 hours and the solvent was evaporated 
under reduced pressure. Chloroform and an aqueous potassium carbonate solution were added and the chloroform 
layer was separated. The layer was dried over magnesium sulfate and the solvent was evaporated under reduced pres- 
sure. The residue was subjected to silica gel column chromatography to give 3-(3-(4-(4-chlorophenyl)piperazin-1- 
yl)propyl)-4,5,6, 7-tetrahydro- 1 -methyli ndole. 

Example 166 




In the same manner as in Example 165 except that 3-(3-(4-( 4-fluorophenyl)piperazin-1-yl)propyl)-4 t 5,6,7-tetrahy- 
droindole is used instead of 3-(3-(4-(4-chloropheny0piperazin-1-yl)propyl)-4,5.6.7-tetrahydroindole, 3-(3-(4-( 4-fluor- 
ophenyl)piperazin-1-yl)propyl)-4,5,6,7-tetrahydro-1-methylindole is obtained. 
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Example 167 




In the same manner as in Example 165 except that 4,5,6, 7-tetrahydro-3-(3-(4-(4-methylphenyl)pipera2in-1-yOpro- 
pyl)indole is used instead of 3-(3-(4-(4^hlorophenyl)piperazirh1-yl)propyl)-4 l 5,6,7-tetrahydroindole, 4,5,6, 7-tetrahydro- 
1 -methyl-3-(3-(4-(4-methylphenyl)piperazin-1 -yljpropyl) indole is obtained. 

Example 168 




In the same manner as in Example 1 65 except that 4,5,6,7-tetrahydro-3-(3-(4-phenylpiperazin-1 -yl)propyl)indole is 
used instead of 3-(3-(4-(4<hlorcphenyl)piperazin-1-yl)propyl)-4,5,6,7-tetrahydrdndole. 4,5,6,7-tetrahydro-1-methyl-3- 
(3-(4-pheny1piperazin-1-yl)propyl)indoIe is obtained. 

Example 169 




3K3^4^4-Chlorophenyl)piperazin-1-yQprc^yl)-4,5,6,7-tetrahydroindole (0.5 g) obtained in Example 161 and tri- 
ethylamine (0.6 ml) were dissolved in dichloromethane (10 ml) and acetyl chloride (0.3 g) was added under ice-cooling 
with stirring. The reaction mixture was stirred for 2 hours at room temperature and an aqueous potassium carbonate 
solution is added, and the chloroform layer was separated. After drying over magnesium sulfate, the solvent was evap- 
orated under reduced pressure, and the obtained residue was subjected to silica gel column chromatography to give 1 - 
acety1-3-(3-(4-(4K;hlorophenyl)pipe 
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Example 170 



5 



10 




15 In the same manner as in Example 169 except that a-ta^^-fluorcphenylJpiperazin-l-ylJpropylJ^.S.e.y-tetrahy- 
droindole is used instead of 3-(3-(4-(4-chlorophenyl)piperazin-1 -yl)propyl)-4,5 t 6 f 7-tetrahydroindole, 1 -acetyl-3-(3-(4-(4- 
fluorophenyl)piperazin-1-yl)propyJ)-4,5.6.7-tetrahydroindole is obtained. 

Example 171 

20 



25 




30 



In the same manner as in Example 165 except that 4,5.6, 7-tetrahydro-3-(3-(4-(4-methylphenyl)piperazin-1-y0pro- 
pyl)indde is used instead of 3-(3-(4^4^hlorophenyl)piperazin-1-^ 1-acetyl-4. 5,6.7- 

35 tetrahydro-3-(3-(4-(4-methylpheny0piperazin-1 -yl)propyl)indole is obtained. 

Example 172 



40 



45 




50 

In the same manner as in Example 165 except that 4,5,6, 7-tetrahydro-3-(3-(4-phenylpipera2in-1-yl)propyl)indole is 
used instead of 3-(3-(4-(4-chlorophenyl)pipera2in-1-yl)propyl)-4,5.6,7-tetrahydroindole, 1 -acetyl-4,5,6, 7-tetrahydro-3- 
(3-(4-phenylpipera2in-1-yl)propy0indole is obtained. 

55 
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15 

(3-(4,5,67-Tetrahydropym2olo[2,3-a]pyridin^-yl)-3-oxopropyOtrimethyl ammonium iodide (1.2 g) obtained in Start- 
ing Material Synthesis Example 16 and 1-(4-fluorophenyl)piperazine (0.7 g) were suspended in methanol (20 ml) and 
the mixture was ref luxed under heating for 4 hours. The solvent was evaporated under reduced pressure and chloro- 
form and an aqueous potassium carbonate solution were added. The chloroform layer was separated and dried over 

20 magnesium sulfate. The solvent was evaporated under reduced pressure, and the residue was subjected to silica gel 
column chromatography to give 1.0 g of 3-(3-(4-(4-fluorophenyl)piperazin-1-yl)propionyl)-4,5 i 6,7-tetrahydropyra- 
zolo[2,3-a]pyridine, m.p. 141-142°C. 

This compound (0.9 g) was dissolved in methanol (10 ml) and chloroform (10 ml) and thereto was added sodium 
borohydride (0.7 g) in an ice bath. After the completion of the reaction, the solvent was evaporated under reduced pres- 

25 sure and chloroform and an aqueous potassium carbonate solution were added. The chloroform layer was separated 
and dried over magnesium sulfate. The solvent was evaporated under reduced pressure and isopropyt ether was added 
to the obtained residue. The precipitated crystals were collected by filtration to give 1 .0 g of 3-(1 -hydroxy-3-(4-(4-f luor- 
ophenyl)pipera2in-1-yl)propyl)-4,5,6,7-tetrahydropyrazolo[2.3-a]pyridine, m.p. 130-131°C. 

Sodium iodide (1.5 g) was dissolved in acetonitrile (12 ml) and chlorotrimethylsilane (1.3 ml) was added at room 

30 temperature with stirring. The above-mentioned compound (0.6 g) was further added. The reaction mixture was 
ref luxed under heating for 2 hours and cooled. An aqueous sodium sulfite solution and an aqueous potassium carbon- 
ate solution were added and the mixture was extracted with ethyl acetate. The solution was dried over magnesium sul- 
fate and evaporated under reduced pressure. The residue was subjected to silica gel column chromatography to give 
3-(3-(4-(4-fluorophenyl)piperazin-1-yl)^ 

35 1 H-NMR(CDCI 3 ) 6 : 1 .70-1 .92(4H,m), 1.97-2.06(2H,m), 2.37-2.45(4H,m), 2.58-2.70(6H,m), 3.1 1-3.1 7(4H,m). 4.08- 
4.16(2H,m), 6.84-6.99(4H,m), 7.29(1 H,s) 

Example 174 



40 



45 




SO 

In the same manner as in Example 173 except that 1 -(4-methylphenyl)piperazine is used instead of 1 -(4-f luoroph- 
enyljpiperazine, 4.5,6, 7-tetrahydro-3-(3-(4-(4-methylphenyl)piperazin- 1 -yl)propyl)pyrazolo[2,3-a]pyridine is obtained. 

55 
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In the same manner as in Example 173 except that 1 -{4-chloropheny1)piperazine is used instead of 1 -(4-f luoroph- 
enyl)piperazine, 3^3K4-(4-(*lorophenyl)piperazin-1-yl)propyl)-4A is obtained. 

Example 176 




In the same manner as in Example 173 except that 1 -phenylpiperazine is used instead of 1 -{4-f luorophenyl)piper- 
azine, 4,5,6 J-tetrahydro-3-(3-(4-phenylpiperazin-1-yl)propyl)pyra20lo[2,3-a]pyridine is obtained. 

Example 177 




In the same manner as in Example 173 except that (3-(4,5.6,7-tetrahydro-2-methylpyrazoto[2,3-aJpyridin-3-yl)-3- 
oxopropyl)trimethy1 ammonium iodide is used instead of (3-(4.5,6,7-tetrahydropyrazolo[2,3"alpyridin-3-yl)-3-oxopro- 
pyl)trimethy1 ammonium iodide obtained in Starting Material Synthesis Example 16, 3-(3-(4-(4-fluorophenyl)piperazin- 
l-yljpropyij^.s.e^-tetrahydro^-methylpyrazolop^-ajpyridine is obtained. 



105 



Example 178 



EP0 885 883A1 




In the same manner as in Example 173 except that (3-(4,5,6,7-tetrahydro-2-phenytpyra2olo[2,3-a]pyridin-3-yl)-3- 
oxopropyl)trimethyl ammonium iodide is used instead of (3-{4,5,6.7-tetrahydropyrazolot2,3-a]pyridin-3-y*)-3-oxopro- 
py])trimethyl ammonium iodide obtained in Starting Material Synthesis Example 16, 3-(3-(4-(4-fluorophenyl)piperazin- 
VylJpropyO^.S.e^-tetrahydro^-phenylpyrazolop.S-alpyridine is obtained. 

Example 179 




In the same manner as in Example 153 except that 3-(3-chloropropionyl)-5,6,7,8-tetrahydroindolidine obtained in 
Starting Material Synthesis Example 17 is used instead of 3-(3-chtoropropionyl)-4,5, 6, 7-tetrahydro-1 -methyl -1H-inda- 
zole obtained in Starting Material Synthesis Example 13, 3-(3-(4-(4-ch!orophenyl)piperazin-1-yl)propyl)-5,6,7,8-tetrahy- 
droindolidine is obtained. 

Example 180 




In the same manner as in Example 1 79 except that 1 -(4-f luorophenyl)piperazine is used instead of 4-(4-chloroph- 
enyl)piperidine t 3-(3-(4-{4-f luorophenyl)pipera2in-1-y0propyl)-5,6,7,8-tetrahydroindo!idine is obtained. 
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Example 181 




In the same manner as in Example 179 except that 1-(4-methylphenyl)piperazine is used instead of 4-(4-chloroph- 
enyQpiperidine, 5 ( 67,8-tetrahydro^-(3-(4-(4-metrtylph is obtained. 

Example 182 




In the same manner as in Example 179 except that 1 -phenylpiperazine is used instead of 4-(4-chlorophenyf)pipe- 
ridine, 5.6,7,8-tetrahydro-3-(3-(4-phenylpiperazin-1 -yl) propyl)! ndolidine is obtained. 

Example 183 



H 




In the same manner as in Example 102 except that 3-(2,4,5,6-tetrahydrocycloperrtapyrazol-3-yl)propionic acid 
obtained in Starting Material Synthesis Example 4 and 1 -(4-chloropheny1)piperazine were used instead of 3-(4,5,6,7- 
tetrahydro-2H-indazol-3-yl)propionic acid obtained in Starting Material Synthesis Example 1 and 4-(4-chlorophenyl)pip- 
eridine, and then by a conventional treatment using hydrochloric acid, 3-(3-(4-(4-chlorophenyl)piperazin-1-yl)propyl)- 
2.4,5,6-tetrahydrocyclopentapyrazole hydrochloride was obtained, m.p. 228-230°C. 
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Example 184 




In the same manner as in Example 102 except that 3-(2 1 4,5,6-tetrahydrocyclopentapyrazol-3-yl)propionic acid 
obtained in Starting Material Synthesis Example 4 and 1 -phenylpiperazine are used instead of 3-(4,5,6,7-tetrahydro- 
2H-indazol-3-y1)propionic acid obtained in Starting Material Synthesis Example 1 and 4-(4-chlorophenyl)ptperidine. 
2,4,5,6-tetrahydro-3-(3-(4-phenylpiperazin-1 -yl)propy1)cycloperrtapyrazole is obtained. 

Example 185 




In the same manner as in Example 102 except that 3-(2,4,5,6,7 l 8-hexahydrocycloheptapyrazol-3-y0propionic acid 
obtained in Starting Material Synthesis Example 5 and 1 -(4-methylphenyl)piperazine are used instead of 3-(4,5,6,7-tet- 
rahydro-2H-indazol-3-yl)propionic acid obtained in Starting Material Synthesis Example 1 and 4-{4-chlorophenyl)pipe- 
ridine, 2,4,5,6 J3-hexahydro-3-(3-(4-(4-methylphe is obtained. 

Example 186 




In the same manner as in Example 102 except that 3-(2,4,5,6,7,8-hexahydrocyctoheptapyrazol-3-y0propionic acid 
obtained in Starting Material Synthesis Example 5 and 1-(4-chlorophenyl)piperazine are used instead of 3-(4,5,6,7*tet- 
rahydro-2H-indazol-3-yl)propionic acid obtained in Starting Material Synthesis Example 1 and 4-{4-chlorophenyl)pipe- 
ridine, 3-(3-(4-(4-chlorophenyl)piperazin-1-yl)prop^ is obtained. 
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20 



In the same manner as in Example 102 except that 3-(2 ,4,5,6, 7,8-hexahydrocycloheptapyrazol-3-y1)propionic acid 
obtained in Starting Material Synthesis Example 5 and 1 -phenylpiperazine are used instead of 3-(4,5,6.7-tetrahydro- 
2H-indazol-3-yl)propionic acid obtained in Starting Material Synthesis Example 1 and 4-(4-chlorophenyl)piperidine, 
2,4 l 5,6,7 l 8-hexahydro-3-(3-(4-phenylpiperazin-1 -yl)propyl)cycloheptapyrazo!e is obtained. 

Example 188 



25 



30 




35 



40 



In the same manner as in Example 102 except that 3-(2,4,6,7-tetrahydropyrano[4,3-c]pyrazol-3-yl)propionic acid 
obtained in Starting Material Synthesis Example 6 and .1 -(4-m ethyl phenyl Jpiperazine are used instead of 3-(4,5,6,7-tet- 
rahydro-2H«indazol-3-yl)propionic acid obtained in Starting Material Synthesis Example 1 and 4-(4-chloropheny1)pipe- 
ridine. 2,4,6.7-tetrahydro-3-(3-(4-(4-methylphen^ is obtained. 

Example 189 



45 



50 




In the same manner as in Example 102 except that 3-(2,4 f 6,7-tetrahydropyrano[4,3-c]pyrazol-3-yl)propionic acid 
obtained in Starting Material Synthesis Example 6 and 1-(4-chlorophenyl)piperazine are used instead of 3-(4,5 f 6,7-tet- 
rahydro-2H-inda20l-3-yl)propionic acid obtained in Starting Material Synthesis Example 1 and 4-(4-chlorophenyl)pipe- 
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ricline, 3-(3-(4-(4-chlorophenyf)piperazin-1 -yiJpropyO^^.ej-tetrahydropyrano^.S-cJpyrazole is obtained. 
Example 190 



5 



10 




In the same manner as in Example 102 except that 3-(2,4,6 P 7-tetrahydropyrano[4,3-c]pyrazol-3-yl)propionic acid 
obtained in Starting Material Synthesis Example 6 and 1 -phenylpiperazine are used instead of 3-(4,5,6,7-tetrahydro- 
20 2H-indazol-3-yl)propionic acid obtained in Starting Material Synthesis Example 1 and 4-(4-chlorophenyl)piperidine, 
2,4,6 l 7-tetrahydro-3-(3-(4-phenytpiperazin-1 -yi)propyl)pyrano[4 f 3-cjpyrazole is obtained. 

Example 191 



25 



30 




In the same manner as in Example 102 except that 3-(2,4,6.7-tetrahydrothiopyrano[4,3-c]pyrazol-3-yl)propionic 
acid obtained in Starting Material Synthesis Example 7 and 1 -(4-methy!pheny1)piperazine are used instead of 3- 
40 (4,5,6,7-tetrahydro-2H-indazol-3-yl)propionic acid obtained in Starting Material Synthesis Example 1 and 4-(4-chlo- 
rophenyl)piperidine, 2,4,6,7-tetrahydro-3 (3-(4-(4-methylphenyl)piperazin-1-yl)proFy0thiopyrano{4 I 3-c]pyra2Ole is 
obtained. 



110 



EP0885 883 A1 



Example 192 




In the same manner as in Example 102 except that 3-(2,4,6,7-tetrahydrothiopyrano[4,3-c]pyra2ol-3-y0propionic 
acid obtained in Starting Material Synthesis Example 7 and 1-(4-chlorophenyl)piperazine are used instead of 3- 
(4,5,6,7-tetrahydro-2H-indazol-3-yl)propionic acid obtained in Starting Material Synthesis Example 1 and 4-(4-chlo- 
rophenyl)piperidine, 3-(3-(4^4<hloropheny0piperazin-1-yl)pro^ is 
obtained. 

Example 193 




In the same manner as in Example 102 except that 3-(2,4 t 6,7-tetrahydrothiopyrano[4,3-c]pyrazol-3-yl)propionic 
acid obtained in Starting Material Synthesis Example 7 and 1 -phenylpiperazine are used instead of 3-(4,5,6,7-tetrahy- 
dro-2H-indazol-3-yl)propionic acid obtained in Starting Material Synthesis Example 1 and 4-(4-chlorophenyl)piperidine, 
2,4,6, 7-tetrahydro-3-(3-(4-phenylpiperazin-1 -yl)propyl)thiopyrano[4,3-c]pyrazole is obtained. 
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CH 




Compound A 



Compound B 



To a mixture of 3-(3-(4-(4-fluorophenyl)piperazin-1-yl)^ (3.1 g), dimethyffor- 

mamide (30 ml) and triethylamine (2.5 ml) was dropwise added acetyl chloride (0.72 ml) under ice-cooling. The mixture 
was stirred as it was for 30 minutes. The reaction mixture was poured into ice water (200 ml). The mixture was extracted 
with ethyl acetate, washed with water and dried over anhydrous magnesium sulfate. The filtrate was concentrated under 
reduced pressure to give 3.4 g of an oily substance. The oil was subjected to silica gel column chromatography (eluent; 
hexane:ethyl acetate=1:2) to give 0.60 g of 1-acetyl-3-(3-(4-(4-fluorophenyl)piperazin-1-yl)propyl)-4 f 5,6,7-tetrahydro- 
1 H-indazole (component eluted later (compound A)), and 0.30 g of 2-acetyl-3-(3-(4-(4-fluorophenyl)piperazin-1 -yl)pro- 
pyl)-4.5,6,7-tetrahydro-2H-indazole (component eluted first (compound B)). 1-Acetyl-3-(3-(4-(4-fluorophenyl)piperazin- 
1 -yl)propyl) -4.5.6. 7-tetrahydro-1 H-indazole (compound A: m.p. 60-61 °C); 2-Acety1-3-(3-(4-(4-fluorophenyl)piperazin-1- 
yl)propyl)-4,5.6,7-tetrahydro-2H-indazole (compound B: m.p. 104-106°C). 
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In the same manner as in Example 194 except that benzoyl chloride (1.2 ml) was used instead of acetyl chloride, 
1.0 g of 1-benzoyl-3-(3-(4-(4-fluorophenyl)piperazm (component eluted 

later: compound A), and 0.45 g of 2*eiizo)rf-3-(3-(4-(4-fluc«)pheny1)pipe^ 

zole (component eluted first: compound B) were obtained. 1-Benzoyl-3-(3-(4-(4-fluorophenyl)piperazin-1-yl)propyl)- 
4,5,6,7-tetrahydro-1H-indazole (compound A: m.p. 71-72°C); 2-Benzoyl-3-(3-(4-(4-fluorophenyl)piperazin-1-yl)propyl)- 
4,5,6,7-tetrahydro-2H- indazole (compound B: m.p. as maleate 147-148°C). 

Example 196 




dihydrochbride monohydrate 



Lithium diisopropylamide solution prepared from diisopropytamine (2.8 ml) and 1 M n-butyl lithium (1 1 ml) in tet- 
rahydrofuran (40 ml) was cooled to -78°C and cyclohexanone (2.0 ml) was added. The mixture was stirred at -78°C for 
1 hour and 1-tert4>utoxycartx5nyl^-imidazc<»rbonylpiperidine (4.8 g) prepared from N-tert-butoxycarbonylisonipecotic 
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acid was added. The mixture was stirred at room temperature for 1 hour. The reaction mixture was concentrated and 
water was added to the obtained residue. The mixture was extracted with ethyl acetate and the extract was dried over 
anhydrous magnesium sulfate. The filtrate was concentrated under reduced pressure to give 3.8 g of an oily substance. 
The oil was subjected to silica gel column chromatography (eluent; chloroform:methanol=20:1) to give 2-((1-tert-butox- 

5 yc^rtxinylpiperidin-4-yOcarbonyOcyclohexanone, m.p. 71-72°C. 

2-{(1 -tert-Butoxyc»rtx>nylpiperidin-4-yl)(^ (1 .0 g) was dissolved in trifluoroacetic acid (10 ml) 

and the solution was stirred at room temperature for 30 minutes. The solvent was evaporated and the residue was made 
alkaline with an aqueous potassium carbonate solution and extracted with ethyl acetate. After drying over magnesium 
sulfate, the solvent was evaporated under reduced pressure, dimethylformamide (10 ml), 4-fluorophenylacetic acid (0.5 

io g) and triethylamine (0.9 ml) were added to the obtained residue. Diethyl cyanophosphate (0.5 ml) was added dropwise 
in an ice bath while stirring the mixture. The mixture was stirred further for 3 hours. After the completion of the reaction, 
the solvent was evaporated under reduced pressure, and water was added to the obtained residue. The mixture was 
extracted with chloroform and the extract was dried over magnesium sulfate. The solvent was evaporated under 
reduced pressure. To a solution (50 ml) of the obtained 2-((1-(2-(4-fluorophenyl)acetyl)pipertdin-4-yl)carbonyl)cyclohex- 

15 anone in ethanol was added hydrazine hydrate (0.2 g) and the mixture was ref luxed for 1 hour. The solvent was evap- 
orated under reduced pressure, and the obtained residue was subjected to silica gel column chromatography to give 3- 
(1-(2-(4-fluorophenyl)acetyl)piperidin-4-yl)-4,5,6,7-tetrahydro-2H-irxla20le. 

1 H-NMR(CDCl3) 6 : 1.45-1 .98(8H,m) f 2.39(2H,t,J=6Hz), 2.59(2H,t.J=6Hz), 2.63-2.91 (2H,m), 3.14(2H,dU=3.13Hz), 
3.72(2H,s), 3.94(1H,d,J=14Hz), 4.78(1 H,d.J=1 4Hz). 6.93-7.06(2 H,m), 7.18-7.30(2H,m) 

20 To a solution of the obtained 3-(1-(2-(44luorophenyl)acetyl)piperidin-4-yl)-4,5,6,7-tetrahydro-2H-indazole in tet- 
rahydrofuran was added lithium aluminum hydride under ice-cooling with stirring, and the mixture was stirred at room 
temperature for 1 hour. After the completion of the reaction, the reaction mixture was treated with a mixed solvent of 
water - tetrahydrofuran and filtered through celite. The filtrate was concentrated under reduced pressure, and the 
obtained residue was subjected to silica gel column chromatography to give 3-(1-(2-(44luorophenyl)ethyl)piperidin-4- 

25 yl)-4.5.6,7-tetrahydro-2H-indazole dihydrochloride monohydrate. m.p. 143-145°C. 

Example 197 



30 



35 




40 

4-Oxo-4-(2-oxocydohexyl)-n-butyric acid (4.0 g) and 1 -(4-f luorophenyl)piperazine (3.6 g) were used instead of 3- 
(4,5,6, 7-tetrahydro-2H-indazol-3-yl)propionic acid obtained in Example 102 and 4-(4-chlorophenyl)piperidine, 7.4 g of 
4-(44luorophenyl)-1 -(4-oxo-4-(2-oxocyclohexyl)butyryl)piperazine was obtained. 

This compound (3.6 g) was ref luxed under heating for 5 hours in methanol (100 ml) in the presence of hydroxy- 
45 lamine hydrochloride (3.2 g) and triethylamine (6.3 ml). After the completion of the reaction, the solvent was evaporated 
under reduced pressure and an aqueous potassium carbonate solution was added to the residue. The mixture was 
extracted with chloroform and the extract was dried over magnesium sulfate. The solvent was evaporated under 
reduced pressure to give 3.5 g of an oily substance. This compound and triethylamine (5.2 ml) were dissolved in ethyl- 
ene dichloride (50 ml), and methanesurfonyl chloride (1 .4 ml) was dropwise added under ice-cooling. After the comple- 
te tion of the reaction, the solvent was evaporated under reduced pressure, and an aqueous potassium carbonate solution 
was added to the residue. The mixture was extracted with chloroform and the extract was dried over magnesium sulfate. 
The solvent was evaporated under reduced pressure to give 3.7 g of an oily substance. 

This compound was dissolved in tetrahydrofuran (50 ml), and lithium aluminum hydride (1.5 g) was added under 
ice-cooling. After the completion of the reaction, a mixed solution of tetrahydrofuran - water, then ethyl acetate, and 
55 magnesium sulfate were added, and the mixture was filtered through celite. The solvent was evaporated under reduced 
pressure. The obtained residue was subjected to silica gel column chromatography to give 3-(3-(4-(4-f luorophenyl)pip- 
erazin-1-yl)propyl)-4,5,6,7-tetrahydrobenzo[c]isoxazole (component eluted first: compound A), and 3-(3-(4-{4-fluoroph- 
enyl)piperazin-1-y1)propyl)-4,5,6.7-tetrahydrobenzo[d]isoxazole (component eluted later: compound B) from the eluate 
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of chloroform:methanol=50:1. 

Compound A; 1 H-NMR(CDCl3) 6 : 1.67-1.82(4H,m), 1 .84-1 .95(2H,m), 2.35-2.46 (4H,m), 2.56-2.60(4H,m), 2.69- 
2.75(4H,m), 3.09-3.1 3(4H,m), 6.83-7.00(4H,m) 

Compound B; 1 H-NMR(CDa 3 ) 6 : 1.70-1.96(6H,m) ( 2.34-2.52(4H,m), 2.57-2.75(8H,m), 3.11-3.14(4H,m), 6.84- 
5 6.99(4H,m) 

Example 198 



10 



15 




In the same manner as in Example 102 except that 4-(4,5,6,7-tetrahydro-2H-indazol-3-yO-n-butyric acid obtained 
in Starting Material Synthesis Example 3 and 1-(2-pyridyl)piperazine were used instead of 3-(4,5,6,7-tetrahydro-2H- 
indazol-3-yl)propionic acid obtained in Starting Material Synthesis Example 1 and 4-(4-chlorophenyf)piperidine, 3-(4-(4- 
25 (2i>yridy0piperazin-1-yl)butyl)-4,5,67-tetrahydrc-2H-indazole was obtained. 

1 H-NMR(CDCl3) 6 : 1.55-1.80(8H.m), 2.34-2.44{4H,m), 2.52-2. 64(8H,m). 3.53-3.57(4H f m), 6.58-6.65(2H.m), 7.43- 
7.49(1 H,m) 8.18(1H,dd i J=2 l 6Hz) 

Example 199 



35 




In the same manner as in Example 102 except that 1 -<2-pyridyf)piperazine was used instead of 4-(4-chlorophe- 
nyl)piperidine, 3-(3-(4-(2-pyridyl)piperazin-1-yl)propyl)-4,5,6,7-tetrahydro-2H-indazole was obtained. 
45 1 H-NMR(CDCl3) 6 : 1 .66-1 .92(6H t m), 2.40-2.48(4H,m), 2.56-2. 72(8H,m), 3.55-3. 59(4H,m), 6.59-6.65(2H,m), 7.43- 
7.50(1 Km), 8.18(1 H,dd,J=2,4Hz) 
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Example 200 




In the same manner as in Example 102 except that 1-(4-chlorophenyl)-3-methytpiperazine was used instead of 4- 
(4-chloropheny1)piperidine, 3-(3-(4-(4<hlorophen^-3-methy1piperazin-^^ 
obtained. 

1 H-NMR(CDCl3) 6 : 1.01(3H.d.J=6Hz), 1.68-1.94(6H,m) a 2.30-2.56(6H,m), 2.58-2.73(5H,m), 2.79-2.89(1 H,m). 3.10- 
3.23(2H,m), 3.78-3.88(1 H,m) t 6.83(2H,d,J^ 9Hz), 7.19(2H,d,J=9Hz) 

Example 201 




In the same manner as in Example 102 except that 4-phenytpiperidine was used instead of 4-(4-chlorophenyl)pip- 
erkJine, 3-(3-(4-phenylpiperidin-1-yl)propyl)-4 t 5.6,7-tetrahydro-2H-indazole was obtained. 

1 H-NMR(CDCI 3 ) 6 : 1.69-1. 92(1 OH.m), 1.98-2.13(2H,m), 2.40-2.52(5H,m), 2.61 -2.71(4H,m), 3.02-3. 24(2H,m), 7.14- 
7.34(5H,m) 
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3-(3-(4-(4-Fluorophenyl)piperazin- 1 -yl)propy1)-2,4,6,7*tetrahydrothiopyrano[4,3-c]pyra20le (0.5 g) obtained in 
Example 138 was dissolved in formic acid (5 ml) and 30% hydrogen peroxide (0.27 ml) was dropwise added under ice- 
20 cooling, and the mixture was stirred for 30 minutes at not more than 5°C. The reaction mixture was poured into ice 
water, made alkaline with potassium carbonate and extracted with ethyl acetate. After drying over magnesium sulfate, 
the solution was concentrated and recrystallized from isopropyl alcohol :isopropyl ether (1 :2) to give 3-(3-(4-(4-fluoroph- 
enyf)piperazin-1-yl)propyl)-2,4,6 l 7-tetrahydrothiopyrano[4 l 3-c]pyra2ole 5-oxide, m.p. 140-142°C. 



2s Example 203 



30 



35 




40 In the same manner as in Example 1 02 except that 1 -(2,3-dichiorophenyl)piperazine was used instead of 4-(4-chIo- 
rophenyl)piperidine, 3-(3-(4-(2,3-dichlorophenyl)piperazin-1 -y0propyl)-4,5,6,7-tetrariydro-2H-indazole was obtained. 
1 H-NMR(CDCI 3 ) 6 : 1.68-1 .95(6H,m), 2.43(2H,tJ=6Hz), 2.51(2H,t.J=7Hz), 2.56-2.77(8H,m), 3.02-3. 16(4H,m), 6.92- 
6.99(1 H,m), 7.08-7.1 7(2H,m) 



45 



50 



55 
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is In the same manner as in Example 102 except that 1-(2,3-dimethylphenyl)piperazine was used instead of 4-(4- 
chlorophenyl)piperidine, 4,5,6, 7-tetrahydrc^3^3^4-(2,3<iimethylphenyl)pipe^ was 
obtained. 

1 H-NMR(CDCI 3 ) 6 : 1.68-1.92(6H,m), 2.21 (3H,s), 2.26(3H,s), 2.43(2 H,t.J=6Hz), 2.49(2H,t.J=7Hz), 2.55-2.76(8H,m), 
2.89-3.02(4H,m), 6.99(1 H,d,J=7Hz), 6.93(1 H,d, J=9Hz). 7.07(1 H f dd,J=9,7Hz) 

20 

Example 205 



25 



30 




In the same manner as in Example 133 except that l-(2,3-dimethytpheny1)piperazine was used instead of 1-(4- 
fluorophenyljpiperazine, 3^4-(4-(2,3<iimetriylphenyl)piperazin-1^ was 
obtained. 

40 1 H-NMR(CDCI 3 ) 6 : 1 .56-1 .83(8H,m), 2.26(3H,s), 2.34(3H,s). 2.41-2.46(4H,m), 2.57-2.64(8H,m), 2.90-2.94(4H,m), 
6.90(2H,t,J=8Hz), 7.07(1 H.t, J =8Hz) 

Example 206 



45 



SO 




In the same manner as in Example 133 except that 1 -(2,3-dichlorophenyl)piperazine was used instead of 1 -(4-f!uor- 
ophenyl)piperazine. 3-(4-(4-(2,3<Kchlc<ophenyl)p!perazi^ was obtained. 
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1 H-NMR(CDCl3) 6 : 1.53-1.88(8H,m), 2.41-2.47(4H,m), 2.57-2.65(8H,m). 3.07-3. 10(4H,m), 6.96(1 H,dd,J=3,6Hz). 7.13- 
7.15(2H,m) 

Formulation Example 1 

5 

The inventive compound (0.5 part), lactose (25 parts), crystalline cellulose (35 parts) and corn starch (3 parts) were 
thoroughly admixed and kneaded well with a binder prepared from corn starch (2 parts). The kneaded product was 
passed through a 16 mesh sieve, dried in an oven at 50°C and passed through a 24 mesh sieve. The kneaded powder 
thus obtained, corn starch (8 parts), crystalline cellulose (1 1 parts) and talc (9 parts) were thoroughly admixed and 
10 compressed to give tablets containing 0.5 mg of an active ingredient per tablet. 

Formulation Example 2 

The inventive compound (1 .0 mg) and sodium chloride (9.0 mg) are dissolved in injectable water, and the solution 
is is filtered to remove pyrogen. The filtrate is aseptically charged in ampoules and sterilized, which is followed by melt- 
sealing of the ampoules to give injections containing 1 .0 mg of an active ingredient 

The superior pharmacological activity of the compound of the formula (I) was evaluated by the following series of 
receptor binding tests, anti-methamphetarnine action, catalepsy induction and suppressive effect on neurotoxicity by 
MK-801. 

20 

Experimental Example 1 : Affinity for D 4 receptor; 3 H-spiperone binding 

The D 4 receptor expression cell membrane specimen and 3 H -spiperone were incubated at 27°C for 2 hours in the 
presence of a test compound. Immediately after the completion of the reaction, the reaction mixture was filtered through 
25 a Whatman GF/B filter (trademark) by suction and the radioactivity on the filter was determined on a liquid scintillation 
counter. The amount of non-specific binding was determined in the presence of 10 nM haloperidol. The concentration 
of the test compound necessary for inhibiting by 50% (IC50) was calculated from nonlinear regression curve, based on 
which the inhibition constant (Ki value) was determined. 

30 Experimental Example 2 : Affinity for D 2 receptor; 3 H-spiperone binding 

Preparation of crude synaptic membrane and binding test followed the method of I. Creese et al . , European Journal 
of Pharmacology, vol. 46, p. 377 (1977). The crude synaptic membrane was prepared from the cryopreserved striate 
body from rats and the membrane sample and 3 H-spiperone were reacted at 37°C for 20 minutes in the presence of a 

35 test compound. Immediately after the completion of the reaction, the reaction mixture was filtered through a Whatman 
GF/B filter (trademark) by suction and the radioactivity on the filter was determined on a liquid scintillation counter. The 
amount of non-specific binding was determined in the presence of 100 jiM(±) -sulpiride. The concentration of the test 
compound necessary for 50% inhibiting (IC50) was calculated from nonlinear regression curve, based on which the inhi- 
bition constant (Ki value) was determined. 

40 As a result of Experimental Examples 1 and 2, the inventive compound showed a Ki value for D 4 receptor of 0.01- 
10 nM, whereas it was not less than 10 nM for D 2 receptor. Therefore, the inventive compound was confirmed to have 
a stronger affinity for D 4 receptor than for D 2 receptor. In contrast, Dapiprazole barely showed affinity for D 4 receptor or 
D 2 receptor. 

45 Experimental Example 3 : Affinity for 5-HT 2 receptor 

A specific serotonin 2 (5-HT^ receptor binding test followed the method of Mol. Pharmacol., vol. 21 , p. 301 (1981). 
A crude synaptosome fraction was separated from hippocampus of 9-10 week-old Wistar rats, and suspended in 
50 mM Tris-HCI buffer (pH 7.7) for the experiment. The test compound in several concentrations and tritiated ketanserin 
so (final concentration 0.2 nM) were added to the synaptosome suspension, and each mixture was incubated at 37°C for 
20 minutes. After the incubation, the mixture was filtered with suction through Whatman GF/B (trademark) glass filter. 
The filter was washed with 50 nM Tris-HCI buffer (pH 7.7), and the radioactivity of the filter was measured by a liquid 
scintillation counter. Non-specrfic binding was determined in the presence of 10" 5 M mianserin. The concentration nec- 
essary for 50% inhibition (IC50) was determined on a graph, and inhibition constant (Ki value) was calculated. 
55 As a result, the inventive compound showed strong affinity of 0.01 -50 nM for 5-HT 2 receptor. 
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Experimental Example 4 : Evaluation of mouse anti-methamphetamine action (major effect) 

Male ddY mice (20-30 g, 4 weeks of age, 15 mice per group) were used for the experiment A test compound was 
orally administered to the mice, and one hour later, an aqueous solution of methamphetamine (DAINIPPON PHARMA- 

5 CEUTICAL CO., LTD., 1 mg/kg) in physiological saline was subcutaneously administered. Immediately thereafter, the 
mice were placed in a measurement apparatus equipped with a pair of infrared beams and having an inner size of 
25x15x14 (height) cm. The number of crossings through the infrared beams in 30 minutes from 10 minutes to 40 min- 
utes after initiation of observation was used as an index to show promoted motion induced by methamphetamine, and 
the suppressive action of the ED$q value of the test compound was calculated. 

w As a result, the inventive compound showed a strong activity as expressed by the ED50 value of not more than 1 .0 
mg/kg (p.o.). 

Experimental Example 5 : Evaluation of catalepsy induction (side effects) 

15 Male ddY mice (20-30 g. 4 weeks of age, 8 per group) were used for the test. A test compound was administered 
to the mice, and 1,3,5 and 7 hours later, the time (catalepsy time) was measured for up to 30 seconds maximum, dur- 
ing which time the forelimbs were placed on a bar fixed at a height of 4 cm in the horizontal direction, and the body pos- 
ture was kept at an angle of about 45 degrees. The strength of the catalepsy induction of the test compound was 
evaluated by adding the catalepsy times at 4 determination points at each dose (total time being a sum value) and cal- 

20 culating ED 10s by regression to the dose that made the average time 10 seconds. 

As a result, ED 10s of the inventive compound was not less than 20 mg/kg, indicating weak catalepsy induction. 

Experimental Example 6 : Suppressive effect on neurotoxicity by MK-801 

25 Female SD rats (200-300 g. 9-12 weeks of age) were used for the test. An aqueous solution of the test compound 
(0.1 ml/kg) was intraperitoneally administered and an aqueous solution of (+)-MK-801 (0.5 mg/kg, 0.1 ml/kg, Research 
Biochemicals International, Natick, MA, USA) was subcutaneously administered 15 minutes later. After 4 hours from 
the administration of MK-801, the rats were anesthetized with pentobarbital. An injection needle was inserted into the 
left ventricle of the rats and left auricle was opened. After exsanguination by perfusion with physiological saline (ca. 1 00 

30 ml), the rats were fixed under perfusion with 4% paraformaldehyde • 1.5% glutalaldehyde • 0.1 M phosphate buffer 
(ca. 400-500 ml). The head was opened and the brain was removed. A part including posterior cingulate convolution 
was cut out and placed in said fixative for postf ixation. Upon paraffin embedding, a thin section (3 urn) was prepared 
and stained with hematoxylin and eosin. After dehydration and sealing, the slide was observed with an optical micro- 
scope. 

35 As a result of the test, the inventive compound was found to suppress neurotoxicity (vacuolation of cells) of poste- 
rior cingulate convolution, which is observed on administration of an NMDA receptor antagonistic drug MK-801. The 
test results reveal that the inventive compound improves degradation of NMDA receptor function. 

Experimental Example 7 : Acute toxicity 

40 

The inventive compound (100 mg/kg) was orally administered to 4 female SD rats (5 weeks of age) but no death 
was observed. 

Hie inventive fused heterocyclic compound, an optical isomer thereof and a pharmaceutically acceptable salt 
thereof show a strong blocking action on D 4 receptor and 5-HT 2 receptor, as well as blockage of NMDA receptor hyo- 
45 function. In addition, the inventive compound possesses a pharmacological action, such as anti-methamphetamine 
action, that is necessary as an antipsychotic agent, as well as a strong suppressive action on neurotoxicity induced by 
MK-801. On the other hand, catalepsy induction in mice, which is an index of extrapyramidal side effects, was found to 
be extremely weak. The results indicate greater dissociation of the major effect from the side effects of the inventive 
compound. 

50 From the foregoing results, it is clear that the inventive compounds can make useful antipsychotic agents effective 
against not only positive symptoms centering on hallucination and delusion characteristic of the acute stage of schizo- 
phrenia, but also negative symptoms of apathy, abulia and autism. They are expected to be highly safe antipsychotic 
agents associated with less side effects, such as extrapyramidal symptoms and endocrine disturbance, which are 
observed when conventional antipsychotic agents having D 2 receptor blocking action are administered. Thus, the 

55 inventive compounds can be used as therapeutic agents for the diseases such as schizophrenia. 
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1 . A fused heterocyclic compound of the formula (I) 

R 5 



R — D— N T 



(I) 



wherein 

R is a group selected from the group consisting of the groups having the following formulas (1). (2), (3), (4), 
(5). (6). (7), (8) and (9) 



N— N 



Y 

w 

(1) 




(7) 



N — 



Y 



(2) 




(5) 



A— B 
(8) 



2b 




(3) 




(6) 




(9) 



wherein 



Y is a linear or branched C r C 4 aJkylene optionally having a substituerrt R 1a at an optional position, 
wherein R 1a is hydrogen, alkyl, hydroxy, alkoxy, amino or alkylamino, 
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A is void, or an oxygen atom, a sulfur atom, SO, S0 2 or N-R 7 wherein R 7 is hydrogen, alkyl, arylalkyl 
or acyl, 

B is a linear or branched (VC4 alkytene optionally having a substituent R 1b at an optional position, 
wherein R 1b is hydrogen, alkyl, hydroxy, alkaxy, amino or alkyiarrrino, 
5 R 2a f R 2 * 5 and R 2c are the same or different and each is a hydrogen or an alkyl, 

R 3 is a hydrogen, an alkyl, an acyl or an aryl, and 
R 8 is a hydrogen, an acyl or an alkyl; 

is void, or a linear or branched atkylene having 1 to 8 carbon atoms; 

is a bond of CH, Chfe-N, (CH^-N, CH 2 -C(R 4 ) wherein R 4 is hydrogen, hydroxy, alkyl or alkoxy, or CH=C. 
provided that when R is a group of the formula (1) and A is void, the bond Q-T is CH, (CH^-N. CH 2 -C{R*) 
wherein R 4 is as defined above, or CH=C; 

is void, or a linear or branched alkylene having 1 to 8 carbon atoms or a carbonyl; 
is a hydrogen or an alkyl; and 

is an optionally substituted aryl, an optionally substituted heteroaryl or an optionally substituted fused het- 
eroaryl, 

an optical isomer thereof or a pharmaceutical^ acceptable salt thereof. 
20 2. The fused heterocyclic compound of claim 1 , wherein, in the formula (I), 



10 



D 

Q-T 



15 



G 
R 5 



R is a group selected from the group consisting of the groups having the formulas (1 ), (2), (3), (4), (5), (6), (7), 
(8) and (9). 
wherein 

25 

Y is a linear or branched C r C 4 alkylene optionally having a substituent R 1a at an optional position 
wherein R 1a is hydrogen or alkyl, 

A is void, or an oxygen atom, a sulfur atom or N-R 7 wherein R 7 is hydrogen, alkyl, arylalkyl or acyl, 
B is a linear or branched C r C 4 alkylene optionally having a substituent R 1b at an optional position, 
30 wherein R 1b is hydrogen or alkyl, 

R 2a R 2b and R 2c ^ tne or different and each is a hydrogen or an alkyl, 
R 3 is a hydrogen, an alkyl, an acyl or an aryl, and 
R 8 is a hydrogen, an acyl or an alkyl; 

35 D is void, or a linear or branched alkylene having 1 to 8 carbon atoms; 

Q-T is a bond of CH, CH 2 -N, (CHgfe-N, CH 2 -C(R 4 ) wherein R 4 is hydrogen, hydroxy, alkyl or alkoxy, or CH=C. 
provided that when R is a group of the formula (1 ) and A is void, the bond Q-T is CH, (CH^-N, CH 2 -C(R 4 ) 
wherein R 4 is as defined above, or CH=C; 
Q is void; 
40 R 5 is a hydrogen or an alkyl; and 

R 6 is an optionally substituted aryl, an optionally substituted heteroaryl or an optionally substituted fused het- 
eroaryl, 

an optical isomer thereof or a pharmaceutical^ acceptable salt thereof. 

45 

3. The fused heterocyclic compound of claim 1 , wherein, in the formula (I), 



R is a group selected from the group consisting of the groups having the formulas (1 ), (2), (3), (4), (5), (6), (7), 
(8) and (9), 
50 wherein 



Y is a linear alkylene having 1 to 4 carbon atoms, 
A is void, or an oxygen atom or N-R 7 wherein R 7 is hydrogen or acyl, 
B is a linear or branched alkytene having 1 to 4 carbon atoms, 
55 R 2a , R 2 ** and R 2c are the same or different and each is a hydrogen or an alkyl having 1 to 4 carbon 

atoms, 

R 3 is a hydrogen, an alkyl having 1 to 4 carbon atoms or an acyl, and 
R 8 is a hydrogen or an alkyl having 1 to 4 carbon atoms; 
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D is void, or a linear or branched alkylene having 1 to 8 carbon atoms; 

Q-T is a bond of Chfe-N, CHg-CfR 4 ) wherein R 4 is hydrogen, hydroxy, alkyl or alkoxy, or CH=C, 

provided that when R is a group of the formula (1) and A is void, the bond Q-T is d-fe-CfR 4 ) wherein R 4 is 

as defined above, or CH=C; 
5 G is void; 

R 5 is a hydrogen or an alkyl having 1 to 4 carbon atoms; and 

R 6 is an optionally substituted aryl, an optionally substituted heteroary! or an optionally substituted fused het- 
eroaryl, 

10 an optical isomer thereof or a pharmaceutically acceptable salt thereof. 

4. The fused heterocyclic compound of claim 1 , wherein, in the formula (I), 

R is a group selected from the group consisting of the groups having the formulas (1). (2), (3). (4), (6), (7) and 
15 (8). 

wherein 

Y is an ethylene, 

A is void, or an oxygen atom or N-R 7 wherein R 7 is hydrogen or acyl, 
20 B is a linear or branched alkylene having 1 to 3 carbon atoms, 

R 2a and R 2 * 3 are the same or different and each is a hydrogen or an alkyl having 1 to 4 carbon atoms. 
R 3 is a hydrogen or an alkyl having 1 to 4 carbon atoms, and 
R 8 is a hydrogen or an alkyl having 1 to 4 carbon atoms; 

25 D is void, or a linear or branched alkylene having 1 to 8 carbon atoms; 

Q-T is a bond of CH 2 -N, CHg-CfR 4 ) wherein R 4 is hydrogen, alkyl or alkoxy. or CH=C. 

provided that when R is a group of the formula (1) and A is void, the bond Q-T is CH 2 -C(R 4 ) wherein R 4 is 

as defined above, or CH=C; 
G is void; 

30 R 5 is a hydrogen or an alkyl having 1 to 4 carbon atoms; and 

R 6 is an optionally substituted aryl, an optionally substituted heteroaryl or an optionally substituted fused het- 
eroaryl, 



35 



an optical isomer thereof or a pharmaceutically acceptable salt thereof. 
The fused heterocyclic compound of claim 1 , wherein, in the formula (I), 



R is a group selected from the group consisting of the groups having the formulas (1), (2), (3), (4), (6), (7) and 
(8). 

40 wherein 

Y is an ethylene, 

A is void, or an oxygen atom or N-R 7 wherein R 7 is hydrogen or acyl, 
B is a linear alkylene having 1 to 3 carbon atoms, 
45 R 2a and R 2b are the same or different and each is a hydrogen or a methyl, 

R 3 is a hydrogen or a methyl, and 
R 8 is a hydrogen or a methyl; 

D is a tri methylene; 
so Q-T is a bond of CHg-N. CHg-CH or CH=C. 

provided that when R is a group of the formula (1) and A is void, the bond Q-T is CH2-CH or CH=C; 
G is void; 
R 5 is a hydrogen; and 

R 6 is an aryl optionally having halogen or alkyl having 1 to 4 carbon atoms. 

55 

an optical isomer thereof or a pharmaceutically acceptable salt thereof. 
6. The fused heterocyclic compound of claim 1 , which is a member selected from the group consisting of the following 
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compounds: 

3-(3-(4-(4-chlorophenyi)-1 ,2,3,6-tetrahydropyridin-1 -y0propyl)-6,7,8,9-tetrahydro-5H-1 ,2,4-thiazolo[4,3- 
a]azepine, 

s 3-(3-(4-(4-chlorophenyl)piperidin-1 -yl)propyl)-6,7,8,9-tetrahydro-5H-1 ,2,4-triazolo[4,3-a]azepine, 

3-(3-(4-(4-chloropheny1)piperazin-1-yl)propy0^^^ 
3-(3-(4-(4-chloropheny1)piperidin-1-yl)propy0^ 

3-(3-(4-(4-chlorophenyl)-1 ( 2,3.6-tetrahydropyridin-1 -yl)propyl)-5,6,7,8-tetrahydro-4H-cycloheptatc]isQxazole. 

3-(3-(4-(4-chlorophenyl)piperazin-1-yl)propy0^ 
10 3-(3-(4-(4-f luorophenyl)piperazin-1 -yl)propyl)-5,6 P 7,8-tetrahydroimidazo[1 ,2-a]pyridine, 

3-(3-(4-(4-f luorophenyl)piperazin-1 -yl)propyl) -4,5,6, 7-tetrahydro-2 H-indazole, 

3-(3-(4-(4-methylphenyl)piperazin- 1 -y0propyl)-4,5,6,7-tetrahydro-2H-indazole. 

3-(3-(4-phenylpiperazinO-yl)propyO-4,5,6,7-tetrahydro-2H-indazole t 

3-(3-(4-(4-fluorophenyl)piperBzin-1-y1)propyi)-2 I 4,6.7-tetrahydropyrano[4,3-c]py^ 
15 3-(3-(4-(4-fluorophenyl)piperazin-1-yl)^^ 

5-acetyl-3-(3-(4-(4«fluorophenyl)piperazin-1-yl^ 

3-(3-(4-(4-chlorophenyl)piperazin-1-yl)propyl)-4.5,6,7-tetrahydro-1 -methyl- 1 H-indazole. 
3-(3-(4-(4-f luorophenyl)piperazin-1 -yl)propyl) -4,5,6, 7-tetrahydro-1 -methyl- 1 H-indazole, 
4,5,6, 7-tetrahydro-1-methyl-3-(3-(4-(4-me 
20 4,5,6, 7-tetrahydro-1 -methyl-3-(3-(4-phenylpiperazin:1 -yl)propyl)-1 H-indazole, 

3-(3-(4-(4-fluorophenyl)piperazin-1 -yl)propyl)-4,5,6,7-tetrahydroindole and 
3-(3-(4-(4-fluorophenyl)pipei^zin-1-yl)propy0-4,5,6,7-tetrahydropyrazolo[2,3-a]pyridine, 
or a pharmaceutically acceptable salt thereof. 

25 7. A pharmaceutical composition comprising the fused heterocyclic compound of any one of claims 1 to 6, an optical 
isomer thereof or a pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable additive. 

8. A medicament comprising the fused heterocyclic compound of any one of claims 1 to 6, an optical isomer thereof 
or a pharmaceutically acceptable salt thereof. 

30 

9. The medicament of claim 8, that is an antipsychotic agent. 
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